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Qrplqdo lqfrph uxohv iru prqhwdu| srolf| kdyh orqj ehhq ghedwhg/ exw wzr lvvxhv
duh ri sduwlfxodu uhfhqw lqwhuhvw1 Iluvw/ wkhuh duh txhvwlrqv derxw wkh shuirupdqfh
ri vxfk uxohv ryhu d udqjh ri sodxvleoh hpslulfdo prghovhvshfldoo| prghov zlwk dqg
zlwkrxw udwlrqdo lq dwlrq h{shfwdwlrqv1 Vhfrqg/ wkhuh duh txhvwlrqv derxw wkh shu0
irupdqfh ri wkhvh uxohv lq uhdo wlph xvlqj wkh w|sh ri gdwd wkdw lv dfwxdoo| dydlodeoh
frqwhpsrudqhrxvo| wr srolf|pdnhuv udwkhu wkdq qdo uhylvhg gdwd1 Wklv sdshu ghwhu0
plqhv rswlpdo prqhwdu| srolf| uxohv lq wkh suhvhqfh ri vxfk prgho xqfhuwdlqw| dqg
uhdo0wlph gdwd xqfhuwdlqw| dqg qgv rqo| d olplwhg uroh iru qrplqdo rxwsxw jurzwk1
WKrphsdjh= zzz1vi1iue1ruj2hfrquvufk2hfrqrplvwv2juxghexvfk1kwpo> hpdlo= Johqq1UxghexvfkCvi1iue1ruj> dg0
guhvv= 434 Pdunhw Vwuhhw/ Vdq Iudqflvfr/ FD/ <74381 Qlorridu Edglh surylghg h{fhoohqw uhvhdufk dvvlvwdqfh1 Wkh
ylhzv h{suhvvhg lq wklv sdshu gr qrw qhfhvvdulo| uh hfw wkrvh ri wkh Ihghudo Uhvhuyh Edqn ri Vdq Iudqflvfr ru wkh
Ihghudo Uhvhuyh V|vwhp141 Lqwurgxfwlrq
Prqhwdu| srolf| uxohv wkdw irfxv rq vprrwklqj rxw  xfwxdwlrqv lq qrplqdo lqfrph ru qrplqdo
rxwsxw kdyh ehhq dgyrfdwhg e| pdq| hfrqrplvwv/ lqfoxglqj Jrugrq +4<;8,/ PfFdooxp +4<;;/
4<<:d,/ Kdoo dqg Pdqnlz +4<<7,/ dqg Ihogvwhlq dqg Vwrfn +4<<7,1 Dw d yhu| edvlf ohyho/ qrplqdo
rxwsxw wdujhwlqj dsshduv wr kdyh wzr ghvludeoh ihdwxuhv dv d vwudwhj| iru prqhwdu| srolf|1 Iluvw/
lw dxwrpdwlfdoo| wdnhv lqwr dffrxqw pryhphqwv lq erwk sulfhv dqg uhdo rxwsxw/ zklfk lq sudfwlfh
duh wkh wzr yduldeohv fhqwudo edqnv fduh derxw prvw1 Vhfrqg/ qrplqdo rxwsxw fdq vhuyh dv d
orqj0uxq qrplqdo dqfkru iru prqhwdu| srolf|1 Vxfk dq dqfkru lv lpsruwdqw xqghu wkh xvxdo
suhvxpswlrq wkdw wkh prqhwdu| dxwkrulw| fdqqrw lq xhqfh wkh uhdo hfrqrp| lq wkh orqj uxq dqg
vr vkrxog irfxv rq vwdelol}lqj d qrplqdo yduldeoh1
Uhfhqwo|/ wzr txlwh glvsdudwh ghyhorsphqwv kdyh dovr errvwhg lqwhuhvw lq qrplqdo rxwsxw
wdujhwlqj1 Wkh irupdwlrq ri d qhz prqhwdu| dxwkrulw| lq Hxurshwkh Hxurshdq Fhqwudo Edqn
+HFE,kdv vsxuuhg d olyho| ghedwh derxw wkh prvw dssursuldwh vwudwhj| iru Hxurshdq prqhwdu|
srolf| +h1j1/ Uxghexvfk dqg Vyhqvvrq/ 4<<<e,1 Wkh dqqrxqfhg HFE vwudwhj| frqwdlqv dq hohphqw
ri prqhwdu| wdujhwlqj/ zklfk lv forvho| uhodwhg wr qrplqdo rxwsxw wdujhwlqj1 Lqghhg/ wkh HFE
+4<<<, kdv h{solflwo| ghulyhg lwv 70425 shufhqw uhihuhqfh ydoxh iru P6 jurzwk iurp d ghvluhg
jurzwk udwh iru qrplqdo rxwsxwzklfk lv fdofxodwhg dv wkh vxp ri dq lq dwlrq wdujhw ri ohvv wkdq
5 shufhqw dqg d iruhfdvwhg wuhqg jurzwk udwh ri uhdo rxwsxw ri 5 wr 50425 shufhqwdorqj zlwk d
vpdoo dgmxvwphqw iru d vhfxodu ghfolqh lq yhorflw|1 Dv pdq| kdyh qrwhg/ erwk prqhwdu| wdujhwlqj
dqg qrplqdo rxwsxw wdujhwlqj vkrxog surgxfh vlplodu rxwfrphv li wkhuh duh qr odujh vkliwv lq
yhorflw|1 Wkxv/ wkh HFE*v dqqrxqfhg prqhwdu| vwudwhj| surylghv vxssruw iru frqvlghudwlrq ri
qrplqdo rxwsxw wdujhwlqj> frqyhuvho|/ wkh HFE*v vwudwhj| dovr rewdlqv vrph ixuwkhu ohjlwlpdf|
iurp dq| idyrudeoh uhvhdufk uhvxowv rq qrplqdo rxwsxw wdujhwlqj1
D vhfrqg errvw wr uhvhdufk lq qrplqdo rxwsxw wdujhwlqj kdv frph iurp wkh uhfhqw ehkdy0
lru ri wkh X1V1 hfrqrp|1 Iru wkh sdvw ihz |hduv/ prvw pdfurhfrqrplf iruhfdvwhuv kdyh pdgh
dq xqxvxdo vwulqj ri suhglfwlrq huuruv lq wkh Xqlwhg Vwdwhverwk ryhusuhglfwlqj lq dwlrq dqg
xqghusuhglfwlqj rxwsxw jurzwk +Eud|wrq/ Urehuwv/ dqg Zlooldpv/ 4<<</ dqg Uxghexvfk/ 4<<<,1
Wkhvh huuruv udlvh txhvwlrqv derxw rxu xqghuvwdqglqj ri wkh fxuuhqw g|qdplfv ri lq dwlrq dqg
rxwsxw dqg pd| vljqdo d vwuxfwxudo fkdqjh lq wkh hfrqrp|1 Lq sduwlfxodu/ lq oljkw ri wkh ds0
sduhqw odujh dprxqw ri xqfhuwdlqw| derxw wkh ohyho ri srwhqwldo rxwsxw dqg wkh g|qdplfv ri wkh
X1V1 hfrqrp|/ PfFdooxp +4<<:d,/ Ruskdqlghv +4<<<,/ dqg Wuhkdq +4<<<, vxjjhvw wkdw prqhwdu|
srolf| vkrxog irfxv rq qrplqdo rxwsxw jurzwk ehfdxvh vxfk d vwudwhj| grhvq*w uho| rq xqfhuwdlq
4hvwlpdwhv ri wkh ohyho ri wkh rxwsxw jds1
Vwloo/ wkhuh uhpdlq pdq| vnhswlfv1 Wkh prvw irufhixo dujxphqw djdlqvw qrplqdo rxwsxw
wdujhwlqj lv edvhg vlpso| rq d ylhz wkdw wkh wlplqj ri uhdo rxwsxw dqg lq dwlrq uhvsrqvhv
wr prqhwdu| srolf| dfwlrqv duh txlwh glhuhqw/ zlwk wkh hhfwv rq rxwsxw vkrzlqj xs pxfk
vrrqhu wkdq wkrvh rq lq dwlrq1 Wklv ylhz ri wkh prqhwdu| wudqvplvvlrq phfkdqlvp lv frpprq
dprqj erwk dfdghplfv +xvlqj vwuxfwxudo dqg dwkhruhwlfdo phwkrgv, dv zhoo dv srolf|pdnhuv1
Iru h{dpsoh/ wkh Edqn ri Hqjodqg*v Prqhwdu| Srolf| Frpplwwhh +4<<</ s1 49:, vwdwhv= Wkh
hpslulfdo hylghqfh lv wkdw rq dyhudjh lw wdnhv xs wr derxw rqh |hdu lq wklv dqg rwkhu lqgxvwuldo
hfrqrplhv iru wkh uhvsrqvh wr d prqhwdu| srolf| fkdqjh wr kdyh lwv shdn hhfw rq ghpdqg
dqg surgxfwlrq/ dqg wkdw lw wdnhv xs wr d ixuwkhu |hdu iru wkhvh dfwlylw| fkdqjhv wr kdyh wkhlu
ixoohvw lpsdfw rq wkh lq dwlrq udwh1 Xqiruwxqdwho|/ d srolf| uxoh wkdw uhdfwv wr qrplqdo rxwsxw
qhfhvvdulo| uhvsrqgv lq dq lghqwlfdo idvklrq wr  xfwxdwlrqv lq uhdo rxwsxw jurzwk dqg lq dwlrq
dqg vr grhv qrw shuirup zhoo zlwk vxfk dv|qfkurqrxv prqhwdu| wudqvplvvlrq odjv1 Qrwdeo|/
Edoo +4<<<, dqg Vyhqvvrq +4<<:, vkrz wkdw lq d vlpsoh edfnzdug0orrnlqj djjuhjdwh ghpdqg dqg
vxsso| prgho zkhuh prqhwdu| srolf| dhfwv rxwsxw zlwk d vkruwhu odj wkdq lq dwlrq/ qrplqdo
rxwsxw wdujhwlqj ohdgv wr g|qdplf lqvwdelolw|/ wkdw lv/ lqqlwh yduldqfhv iru rxwsxw dqg lq dwlrq1
Krzhyhu/ wklv dujxphqw kdv qrw jrqh xqfkdoohqjhg1 Lq sduwlfxodu/ PfFdooxp +4<<:e, qrwhv
wkdw wkh Edoo0Vyhqvvrq uhvxow grhv qrw jhqhudol}h wr fhuwdlq pdfurhfrqrplf prghov> vshflfdoo|/
kh fulwlfl}hv wkhlu lq dwlrq vshflfdwlrq/ zklfk ghshqgv rqo| rq uhdol}dwlrqv ri sdvw lq dwlrq
udwkhu wkdq h{shfwdwlrqv ri ixwxuh lq dwlrq1 PfFdooxp qgv wkdw qrplqdo rxwsxw wdujhwlqj
lv qrw gh0vwdelol}lqj lq d vlpsoh wkhruhwlfdo/ iruzdug0orrnlqj/ udwlrqdo h{shfwdwlrqv prgho/ vr
xqfhuwdlqw| derxw wkh g|qdplfv ri wkh hfrqrp| pd| doorz rqh wr idyru qrplqdo rxwsxw wdujhwlqj1
Wr uhvroyh wkhvh ydulrxv txhvwlrqv derxw wkh ghvludelolw| ri qrplqdo rxwsxw uxohv iru prqhwdu|
srolf|/ wklv sdshu h{soruhv wkh shuirupdqfh ri vxfk uxohv doorzlqj iru erwk xqfhuwdlqw| derxw
wkh uhdo0wlph rxwsxw jds dqg xqfhuwdlqw| derxw wkh dssursuldwh prgho1 Wklv lqyhvwljdwlrq lv
frqgxfwhg xvlqj d vlpsoh Qhz Nh|qhvldq prgho ri rxwsxw dqg lq dwlrq/ zklfk lv lqwurgxfhg
lq wkh qh{w vhfwlrq1 Lq wkh sdvw ghfdgh/ d eurdg frqvhqvxv kdv hphujhg lq pdfurhfrqrplfv
wkdw vxfk d prgho surylghv d xvhixo iudphzrun iru dqdo|}lqj prqhwdu| srolf|14 Lq sduwlfxodu/
wklv vshflfdwlrq jhqhudol}hv dqg qhvwv wkh prghov xvhg e| Edoo +4<<<,/ PfFdooxp+4<<:e,/ dqg
Vyhqvvrq +4<<:,1 Krzhyhu/ d nh| lvvxh lv zkhwkhu wkh gdwd fdq uhvroyh dw ohdvw vrph ri wkh
4 Lqghhg/ vxfk d iudphzrun lv whuphg wkh frqyhqwlrqdo zlvgrp lq Vyhqvvrq +4<<</ s1 93<, dqg lv khog lq
vlplodu hvwhhp lq/ iru h{dpsoh/ Fodulgd/ Jdol/ Jhuwohu +4<<<,/ PfFdooxp dqg Qhovrq +4<<<d/ e,/ Urwhpehuj dqg
Zrrgirug +4<<<,/ dqg vhyhudo rwkhu frqwulexwlrqv lq Wd|oru +4<<<,1
5xqfhuwdlqw| dprqj wkh ydulrxv yhuvlrqv ri wkh prgho> wkxv/ dq hpslulfdoo| hvwlpdwhg yhuvlrq ri
wkh qhz Nh|qhvldq prgho zloo eh hpsor|hg1
Vhfwlrq 6 lqwurgxfhv wkh wkuhh srolf| uxohv ri lqwhuhvw1 Wzr ri wkhvh uxohv uhvsrqg wr wkh
jurzwk ri qrplqdo rxwsxw dqg kdyh ehhq dgyrfdwhg lq wkh olwhudwxuh1 Wkh wklug/ d ehqfkpdun iru
frpsdulvrq/ lv d vlpsoh yhuvlrq ri wkh Wd|oru +4<<6, uxoh wkdw uhdfwv wr wkh rxwsxw jds dqg lq d0
wlrq1 Vhfwlrq 7 h{dplqhv wkh shuirupdqfh ri wkhvh wkuhh uxohv lq wkh hvwlpdwhg Qhz Nh|qhvldq
prgho1 Lq rughu wr dgguhvv wkh hduolhu ghedwh derxw prgho vshflfdwlrq/ wkh ghjuhh ri lq dwlrq
shuvlvwhqfh lv ydulhg ryhu d udqjh iurp frpsohwho| edfnzdug0orrnlqj ru dgdswlyh h{shfwdwlrqv wr
frpsohwho| iruzdug0orrnlqj h{shfwdwlrqv1 Doprvw zlwkrxw h{fhswlrq/ wkh qrplqdo lqfrph uxohv
shuirup txlwh srruo| uhodwlyh wr wkh Wd|oru uxoh1
Wkh xvh ri wkh Wd|oru uxoh lqwurgxfhv wkh vhfrqg lvvxh ri uhfhqw frqwhqwlrq> qdpho|/ wkh
xqfhuwdlqw| derxw wkh phdvxuhphqw ri wkh rxwsxw jds dqg wkh olnho| shuirupdqfh ri wkh Wd|oru
uxoh lq uhdo wlph1Duhdo0wlph dqdo|vlv +dv ghqhg e| Glherog dqg Uxghexvfk/ 4<<4, uhihuv wr wkh
xvh ri vhtxhqwldo lqirupdwlrq vhwv wkdw zhuh dfwxdoo| dydlodeoh dv klvwru| xqiroghg1 Plplfnlqj d
uhdo0wlph dqdo|vlv lv fuxfldo iru dvvhvvlqj srolf| uxohv/ hvshfldoo| wkrvh olnh wkh Wd|oru uxoh wkdw
uho| rq yduldeohv vxfk dv wkh rxwsxw jds wkdw pd| eh yhu| gl!fxow wr hvwlpdwh frqwhpsrudqhrxvo|
+vhh Fodulgd/ Jdol/ dqg Jhuwohu/ 4<<</ dqg Uxghexvfk/ 4<<<,1 Wkhuhiruh/ vhfwlrq 8 lqfrusrudwhv
vxfk uhdo0wlph gdwd xqfhuwdlqw| lqwr wkh hydoxdwlrq ri wkh srolf| uxohv1
Ilqdoo|/ vhfwlrq 9 frqvlghuv d k|eulg uxoh wkdw dxjphqwv wkh Wd|oru uxoh zlwk d qrplqdo
lqfrph uhvsrqvh lq rughu wr dvvhvv wkh pdujlqdo frqwulexwlrq ri wkh odwwhu1 Vhfwlrq : surylghv
frqfoxglqj uhpdunv1
51 Dq Hpslulfdo Qhz Nh|qhvldq Prgho
Wklv vhfwlrq ghvfulehv wkh hpslulfdo Qhz Nh|qhvldq vshflfdwlrq wkdw lv xvhg lq wkh dqdo|vlv
ehorz1 Wkh glvfxvvlrq lv frqgxfwhg lq whupv ri wkh nh| djjuhjdwh uhodwlrqvklsv> krzhyhu/ pxfk
ri wkh dsshdo ri wkh Qhz Nh|qhvldq prgho lv wkdw wkhvh uhodwlrqvklsv kdyh gluhfw irxqgdwlrqv
lq d g|qdplf jhqhudo htxloleulxp prgho zlwk whpsrudu| qrplqdo sulfh uljlglwlhv1 Iru h{solflw
ghulydwlrqv dqg glvfxvvlrq/ vhh Zrrgirug +4<<9,/ Jrrgiulhqg dqg Nlqj +4<<:,/ Zdovk +4<<;,/
Fodulgd/ Jdol/ dqg Jhuwohu +4<<<,/ Mhqvhq +4<<<,/ dqg wkh uhihuhqfhv deryh lq irrwqrwh 41
65141 Lq dwlrq
Wkh frqvhqvxv rq d wkhruhwlfdo Qhz Nh|qhvldq prgho ri lq dwlrq fdq eh uhsuhvhqwhg e| wkh
htxdwlrq
| @ H||n￿ .+ 4 ,|3￿ . +|| .%|> +514,
zkhuh | lv wkh lq dwlrq udwh/ || l vw k hr x w s x wj d s /H||n￿ lv wkh h{shfwdwlrq ri shulrg w .4
lq dwlrq frqglwlrqdo rq d wlph w lqirupdwlrq vhw/ dqg 3    41 Lq wkh uhfhqw ghedwh derxw
qrplqdo lqfrph uxohv/ iru h{dpsoh/ Edoo +4<<<,/ Vyhqvvrq +4<<:,/ dqg PfFdooxp +4<<:e, doo djuhh
wkdw htxdwlrq +514, surylghv d xvhixo wkhruhwlfdo vwuxfwxuh iru srolf| dqdo|vlv1 Krzhyhu/ wkh|
glhu rq wkh dssursuldwh ydoxh ri / wkdw lv/ wkh ghjuhh wr zklfk fxuuhqw lq dwlrq lv ghwhuplqhg
e| h{solflwo| udwlrqdo h{shfwdwlrqv ri ixwxuh lq dwlrq1 Edoo dqg Vyhqvvrq vhw  @3 /v rf x u u h q w
lq dwlrq lv ghwhuplqhg e| d odjjhg ru dgdswlyh uhvsrqvh wr sdvw lq dwlrq15 Lq frqwudvw/ PfFdooxp
frqvlghuv  @4 / vr sulfhv duh vhw zlwk qr uhihuhqfh wr sdvw lq dwlrq1 Dv PfFdooxp vwuhvvhv/
wklv glhuhqfh lq wkh ghjuhh ri iruzdug0orrnlqj ehkdylru lq wkh lq dwlrq htxdwlrq lv wkh nh|
lvvxh vhsdudwlqj klv uhvxowv rq wkh shuirupdqfh ri d qrplqdo lqfrph uxoh iurp wkrvh ri Edoo dqg
Vyhqvvrq16
Dv d wkhruhwlfdo pdwwhu/ wkh ydoxh ri  lv qrw fohduo| ghwhuplqhg1 Iurp wkh zhoo0nqrzq
prghov ri sulfh0vhwwlqj ehkdylru ri Urwhpehuj +4<;5,/ Fdoyr +4<;6,/ dqg Wd|oru +4<;3, lw lv
srvvleoh wr ghulyh dq lq dwlrq htxdwlrq zlwk  @4+vhh Urehuwv/ 4<<8,1 Krzhyhu/ pdq| dxwkruv
dvvxph wkdw zlwk uhdolvwlf frvwv ri dgmxvwphqw dqg ryhuodsslqj sulfh dqg zdjh frqwudfwv wkhuh
zloo eh vrph lqhuwld lq lq dwlrq/ vr  zloo eh ohvv wkdq rqh +Vyhqvvrq/ 4<<:/ Ixkuhu dqg Prruh/
4<<8/ dqg Ixkuhu/ 4<<:,17
Hpslulfdo hylghqfh rq wkh ydoxh ri  lv wkxv fuxfldo1 Wr rewdlq vxfk hylghqfh/ L hvwlpdwh d
yhuvlrq ri +514, zlwk txduwhuo| gdwd1 Ri frxuvh/ jlyhq wkh lqvwlwxwlrqdo ohqjwk ri sulfh frqwudfwv
lq wkh uhdo zruog/ wkh rqh0shulrg ohdgv dqg odjv lq wkh wkhruhwlfdo yhuvlrq +514, w|slfdoo| uhsuhvhqw
dqqxdo ohdgv dqg odjv +h1j1/ Vyhqvvrq 4<<<,1 Wkxv/ dw d txduwhuo| iuhtxhqf|/ orqjhu ohdgv dqg
odjv duh dssursuldwh1 Lq dgglwlrq/ dw d txduwhuo| iuhtxhqf|/ wkh frqwhpsrudqhrxv wlplqj ri
wkh dqqxdo htxdwlrq +514, ehfrphv ohvv whqdeoh jlyhq uhdo0zruog uhfrjqlwlrq/ surfhvvlqj/ dqg
5 Ri frxuvh/ vxfk d edfnzdug0orrnlqj vshflfdwlrq pd| lpsolflwo| uhsuhvhqw udwlrqdo h{shfwdwlrqv jlyhq wkh
vwuxfwxuh ri wkh hfrqrp|1
6 Dovr/ vhh Ghqqlv +4<<<, dqg Uxghexvfk dqg Vyhqvvrq +4<<<e,1
7 Dv dq dowhuqdwlyh h{sodqdwlrq/ li vrph iudfwlrq ri wkh srsxodwlrq edvhv wkhlu lq dwlrq h{shfwdwlrqv vroho| rq
odjjhg lq dwlrq/ wkhq > zrxog dovr eh ohvv wkdq rqh +vhh Urehuwv 4<<;,1 Lqghhg/ rqh lqwhusuhwdwlrq ri Edoo*v prgho
zlwk > 'flv wkdw h{shfwdwlrqv duh frpsohwho| dgdswlyh1
7dgmxvwphqw odjv1 Wkxv/ L uhirupxodwh +514, dv
| @ H|3￿ |n￿ .+ 4 ,+Z￿|3￿ . Z2|32 . Z￿|3￿ . Ze|3e,.+||3￿ . %|> +515,
zkhuh H|3￿ |n￿ uhsuhvhqwv wkh h{shfwdwlrq ri dyhudjh lq dwlrq ryhu wkh qh{w |hdu1 +Vshflfdoo|/
 | lv irxu0txduwhu lq dwlrq/ l1h1/ ￿
e	￿
￿’f|3￿1, Vshflfdwlrq +515, xvhv d rqh0txduwhu odj rq wkh
rxwsxw jds dqg d rqh0txduwhu odj lq wkh lqirupdwlrq vhw iru wkh irupdwlrq ri h{shfwdwlrqv1 Vxfk
odjv duh frpprq lq wkh wkhruhwlfdo olwhudwxuh +vhh Vyhqvvrq/ 4<<:/ dqg Urwhpehuj dqg Zrrgirug/
4<<<,1 Krzhyhu/ wkh dsshqgl{ ghvfulehv vlplodu uhvxowv zlwk d ydulhw| ri dowhuqdwlyh vshflfdwlrqv1
Qrwh wkdw zlwk  @3 / htxdwlrq +515, ehfrphv dq hpslulfdo yhuvlrq ri wkh dgdswlyh h{shfwdwlrqv
prgho lq Edoo +4<<<, dqg Vyhqvvrq +4<<:, wkdw lv dqdo|}hg lq Uxghexvfk dqg Vyhqvvrq +4<<<d,
dqg Uxghexvfk +4<<<,1 Ruskdqlghv +4<<<, dovr dvvxphv wkdw  @3 1
Dq hvwlpdwhg yhuvlrq ri +515,/ xvlqj wkh vdpsoh shulrg 4<9;=T6 wr 4<<9=T7/8 lv
| @ =5< H|3￿ |n￿ .+ =:4,+=9: |3￿  =47 |32 . =73 |3￿ . =39 |3e,.=46 ||3￿ . %|>
+=3;, +=46, +=48, +=48, +,+ =37,
+516,
 U2 @ =;5> 0 @4 =345> GZ @4 =<9=
zkhuh | lv txduwhuo| lq dwlrq lq wkh JGS fkdlq0zhljkwhg sulfh lqgh{ +S|, lq shufhqw dw dq dqqxdo
udwh +l1h1/ |  7+s|  s|3￿,/z k h u hs| @4 3 3o q S|,/ dqg || lv wkh rxwsxw jds +dssur{lpdwho|
t|  tW
|/z k h u ht|  433 oqT| dqg tW
|  433 oqTW
| zlwk T| ghqhg dv fkdlq0zhljkwhg uhdo JGS
dqg TW
| ghqhg dv srwhqwldo JGS dv hvwlpdwhg e| wkh Frqjuhvvlrqdo Exgjhw R!fh 4<<8,1 Iru
hvwlpdwlrq/ rqh0|hdu0dkhdg lq dwlrq h{shfwdwlrqv duh rewdlqhg iurp wkh Plfkljdq vxuyh| ri
lq dwlrq h{shfwdwlrqv dv lq Urehuwv +4<<;, dqg Fodun/ Od{wrq/ dqg Urvh +4<<9,1 Wkh dsshqgl{
frqvlghuv dq dowhuqdwlyh vxuyh| ri lq dwlrq h{shfwdwlrqv zlwk vlplodu uhvxowv1 Wkh k|srwkhvlv
wkdw wkh vxp ri doo ri wkh lq dwlrq frh!flhqwv htxdohg rqh +l1h1/  .+ 4 ,	e
￿’￿Z￿ @4ru
	e
￿’￿Z￿ @4 ,/ d yhuvlrq ri wkh qdwxudo udwh k|srwkhvlv/ kdg d s0ydoxh ri 3=57/ vr wklv uhvwulfwlrq
zdv lpsrvhg lq hvwlpdwlrq1
Wklv hpslulfdo lq dwlrq htxdwlrq dsshduv wr eh txlwh frqvlvwhqw zlwk hduolhu uhvhdufkhyhq
uhvhdufk wkdw kdv qrw xvhg vxuyh|0edvhg h{shfwdwlrqv lq hvwlpdwlrq1 Wkh frh!flhqw ri sduwlfxodu
lqwhuhvw lv / zklfk phdvxuhv wkh ghjuhh ri h{solflwo| iruzdug0orrnlqj ehkdylru1 Wkh hvwlpdwh
ri  @3 =5< lv vwdwlvwlfdoo| vljqlfdqwo| glhuhqw iurp }hur/ dqg wkh hvwlpdwhg vwdqgdug huuru
vxjjhvwv d <3 shufhqw frqghqfh lqwhuydo iru  ri ehwzhhq 3=49 dqg 3=751 Wkh srlqw hvwlpdwh
8 Frh!flhqw vwdqgdug huuruv duh jlyhq lq sduhqwkhvhv/ dqg wkh vwdqgdug huuru ri wkh uhvlgxdov dqg Gxuelq0
Zdwvrq vwdwlvwlfv dovr duh uhsruwhg1 Wkh gdwd duh gh0phdqhg/ vr qr frqvwdqw lv qhhghg1
8ri derxw d rqh0wklug zhljkw rq ixwxuh lq dwlrqlv lq wkh plggoh ri wkh udqjh ri hvwlpdwhv
surylghg e| suhylrxv uhvhdufkhuv1 Dw wkh orz hqg/ iru h{dpsoh/ Ixkuhu +4<<:, hvwlpdwhv dq
htxdwlrq txlwh vlplodu wr +515, xvlqj Ixoo0Lqirupdwlrq Pd{lpxp Olnholkrrg +lq sduwlfxodu/ forvlqj
wkh prgho zlwk xquhvwulfwhg dxwruhjuhvvlyh htxdwlrqv dqg prgho0frqvlvwhqw h{shfwdwlrqv,1 Xvlqj
d ydulhw| ri phdvxuhv ri wkh rxwsxw jds/ Ixkuhu rewdlqv hvwlpdwhv iru  ri ehwzhhq 3=35 dqg 3=53
qrqh ri zklfk duh vwdwlvwlfdoo| vljqlfdqwo| glhuhqw iurp }hur19 Lq frqwudvw/ Fkdgkd/ Pdvvrq/
dqg Phuhglwk +4<<5, xvh dq lqvwuxphqwdo yduldeohv whfkqltxh wr rewdlq dq hvwlpdwh ri  htxdo
wr 3=77 +iru d sdqho ri wkh Xqlwhg Vwdwhv dqg Fdqdgd,1 Vlploduo|/ dq hvwlpdwh iru  ri 3=76 lv
uhsruwhg iru wkh Ihghudo Uhvhuyh Erdug vwd*v odujh0vfdoh pdfurhfrqrphwulf prgho lq Eud|wrq/ hw
do1 +4<<:,1: Ilqdoo|/ Fodun/ Od{wrq/ dqg Urvh +4<<9, xvh wkh Plfkljdq vxuyh| h{shfwdwlrqv dqg
dovr hvwlpdwh d  ri derxw 3=71; R y h u d o o /e d v h gr qw k hh v w l p d w h gh t x d w l r qd e r y h /w k hd o w h u q d w l y h
uhvxowv lq wkh dsshqgl{/ dqg wkh vhw ri suhylrxv hpslulfdo hvwlpdwhv dqg wkhlu vwdqgdug huuruv/
d zlgh sodxvleoh udqjh iru vd|/ dq dssur{lpdwh <3 shufhqw frqghqfh lqwhuydolv suredeo|
ehwzhhq 3 dqg 3=91< Wkh vl}h ri wklv lqwhuydo kljkoljkwv wkh qhhg wr h{dplqh wkh urexvwqhvv ri
wkh qrplqdo lqfrph uxoh uhvxowv zlwk uhvshfw wr yduldwlrq lq 1
Wkh hvwlpdwhg ydoxh ri + lv dovr w|slfdo/ dqg/ dv ghvfulehg ehorz/ wkh g|qdplfv ri wklv
htxdwlrq frpsduh idyrudeo| wr dq xquhvwulfwhg yhuvlrq1 Ilqdoo|/ wkh hvwlpdwhg htxdwlrq +516,
dsshduv wr eh idluo| vwdeoh ryhu ydulrxv vxevdpsohvdq lpsruwdqw frqglwlrq iru gudzlqj lqihu0
hqfhv1 Iru h{dpsoh/ frqvlghu d vwdelolw| whvw iurp Dqguhzv +4<<6,= wkh pd{lpxp ydoxh ri wkh
olnholkrrg0udwlr whvw vwdwlvwlf iru vwuxfwxudo vwdelolw| ryhu doo srvvleoh euhdnsrlqwv lq wkh plggoh
:3 shufhqw ri wkh vdpsoh1 Iru htxdwlrq +516,/ wkh pd{lpxp olnholkrrg0udwlr whvw vwdwlvwlf lv 45187
+lq 4<:5=7,/ zkloh wkh 43 shufhqw fulwlfdo ydoxh lv 49153 +iurp Wdeoh 4 lq Dqguhzv/ 4<<6,1
9 Idlu +4<<6, lv dovr xqdeoh wr uhmhfw > 'fxvlqj dq lqvwuxphqwdo yduldeohv whfkqltxh wr hvwlpdwh d glhuhqw
vshflfdwlrq1 Vlploduo|/ Juxhq/ Sdjdq/ dqg Wkrpsvrq +4<<<, rewdlq vlplodu hvwlpdwhv +> $ f2,/ zlwk d glhuhqw
whfkqltxh iru Dxvwudold1
: Wkh whfkqltxh xvhg lq wkh hvwlpdwlrq ri wklv prgho pd| ryhuvwdwh > ehfdxvh h{shfwdwlrqv duh rewdlqhg
iurp d vlpsoh dxwruhjuhvvlyh vwuxfwxuh1 Wkhvh wwhg h{shfwdwlrqv olnho| plplf dgdswlyh h{shfwdwlrqv dqg pd| eh
vwdwlvwlfdoo| vljqlfdqw hyhq lq wkh devhqfh ri udwlrqdo h{shfwdwlrqv1
; Lq Fodun/ Od{wrq/ dqg Urvh +4<<9,/ rvwhqvleo|/ wkh frh!flhqw rq h{shfwdwlrqv lv fDD> krzhyhu/ vrph ri wkhvh
h{shfwdwlrqv duh wdnhq vhyhudo shulrgv hduolhu dqg frqwdlq d vxevwdqwldo odjjhg hohphqw1 Wkh zhljkw rq wlph w dqg
odwhu lq dwlrq lv fH1
< Wkhuh duh hpslulfdo vwxglhv/ vxfk dv PfFdooxp dqg Qhovrq +4<<<d/ e, dqg Urwhpehuj dqg Zrrgirug +4<<<,/
wkdw lpsrvh d ydoxh ri xqlw| rq >1 Hvwuhood dqg Ixkuhu +4<<;, glvfxvv wkh hpslulfdo lpsodxvlelolw| ri vxfk
vshflfdwlrqv1 Dovr/ vhh vhfwlrq 516 ehorz1
95151 Rxwsxw
Wkh Qhz Nh|qhvldq yhuvlrq ri djjuhjdwh ghpdqg fdq eh uhsuhvhqwhg e| dq lqwhuwhpsrudo Hxohu
htxdwlrq ri wkh irup=
|| @ H|||n￿  o+l|  H||n￿  uW,.|> +517,
zkhuh || lv wkh rxwsxw jds/ H|||n￿ lv wkh h{shfwdwlrq ri ixwxuh rxwsxw/ l| lv wkh vkruw0whup/
qrplqdo lqwhuhvw udwh/ dqg uW lv wkh htxloleulxp uhdo udwh1 +Vhh PfFdooxp dqg Qhovrq/ 4<<<d/
dqg Vyhqvvrq/ 4<<:1, Djdlq/ iru uhdolvp/ lw lv zlgho| djuhhg wkdw vrph irup ri frvwo| dgmxvwphqw
ru kdelw irupdwlrq pxvw eh dgghg wr wkh prgho lq rughu wr pdwfk wkh lqhuwld dqg odjjhg uhvsrqvhv
wkdw duh dssduhqw lq wkh gdwd/ wkrxjk wkh h{dfw irup ri wkh uhvxowlqj vshflfdwlrq lv vwloo ehlqj
ghedwhg +vhh Urwhpehuj dqg Zrrgirug/ 4<<</ Ixkuhu/ 4<<;/ PfFdooxp dqg Qhovrq/ 4<<<e/ dqg
Hvwuhood dqg Ixkuhu/ 4<<;,1 Iru h{dpsoh/ Vyhqvvrq +4<<:, uhsodfhv H|||n￿ zlwk +4+,H|3￿||n￿.
+||3￿1
Iru hpslulfdo lpsohphqwdwlrq zlwk txduwhuo| gdwd/ L hvwlpdwh dq htxdwlrq ri wkh irup=
|| @ +￿||3￿ . +2||32  o +~|3￿  H|3￿ |n￿,.|> +518,
zkhuh/ djdlq/ H|3￿ |n￿ uhsuhvhqwv wkh h{shfwdwlrq ri dyhudjh lq dwlrq ryhu wkh qh{w |hdu +re0
wdlqhg iurp vxuyh| gdwd,1 Uhdo rxwsxw wkxv ghshqgv rq lwv sdvw ydoxhv dqg rq dq h{ dqwh uhdo
lqwhuhvw udwh1 +Wkh gdwd duh gh0phdqhg/ vr uW htxdov }hur1, Krzhyhu/ iru wkh lvvxhv dgguhvvhg
lq wklv sdshu/ olwwoh klqjhv rq wkh vshflfdwlrq ri wklv rxwsxw htxdwlrq1 Zlwk uhjdug wr prgho
xqfhuwdlqw|/ dv qrwhg e| PfFdooxp +4<<:e/ s1 8,/ wkh Edoo dqg Vyhqvvrq uhvxow lv sxuho| d uhvxow
ri wkh sduwlfxodu Skloolsv fxuyh wkdw wkrvh dxwkruv hpsor| dqg lv lqghshqghqw ri djjuhjdwh
ghpdqg ehkdylru143 Ixuwkhupruh/ wkh vshflfdwlrq +518, lv txlwh vlplodu wr wkh rqh xvhg lq
Ruskdqlghv +4<<<,1
Wkh ROV hvwlpdwhg yhuvlrq ri wklv htxdwlrq xvlqj wkh vdpsoh shulrg 4<9;=T6 wr 4<<9=T7 lv
|| @4 =48 ||3￿  =5: ||32  =3< +~|3￿  H|3￿ |n￿,.|>
+=3<, +=3<, +=36,
+519,
 U2 @ =;<> # @3 =;66> GZ @5 =47=
Dv zdv wkh fdvh deryh/ wklv rxwsxw htxdwlrq dsshduv wr eh vwdeoh ryhu ydulrxv vxevdpsohv1 Wkh
vwdelolw| whvw iurp Dqguhzv +4<<6, +wkh pd{lpxp ydoxh ri wkh olnholkrrg0udwlr whvw vwdwlvwlf, lv
<1<< +lq 4<:7=4,/ zkloh wkh 43 shufhqw fulwlfdo ydoxh lv 4515:1
43 Mhqvhq +4<<<, dovr frqfoxghv wkdw wkh dprxqw ri rxwsxw shuvlvwhqfh lq wkh djjuhjdwh ghpdqg vshflfdwlrq
kdv olwwoh hhfw rq dvvhvvlqj wkh ghvludelolw| ri qrplqdo lqfrph wdujhwlqj1
:5161 H{dplqdwlrq ri Prgho G|qdplfv
Lw lv lqvwuxfwlyh wr frpsduh wkh g|qdplfv ri wkh hvwlpdwhg Qhz Nh|qhvldq vwuxfwxudo prgho +516,
dqg +519, wr dq xquhvwulfwhg yhfwru dxwruhjuhvvlrq +YDU,1 Zkloh rqh pd| eh ghhso| vnhswlfdo ri
wkh xvh ri YDUv iru fhuwdlq vwuxfwxudo lqyhvwljdwlrqv +vhh Uxghexvfk/ 4<<;,/ wkh| fdq surylgh
d vlpsoh dwkhruhwlfdo vxppdu| ri wkh gdwd dqg d xvhixo ehqfkpdun ri wkh jhqhudo g|qdplfv ri
d vwuxfwxudo prgho1 Iru wklv frpsdulvrq/ L xvh d wulyduldwh YDU zlwk irxu odjv ri / |/d q gl1
Iru h{dpsoh/ wkh YDU ixqgv udwh htxdwlrq uhjuhvvhv wkh ixqgv udwh rq irxu odjv ri hdfk yduldeoh
dv zhoo dv wkh frqwhpsrudqhrxv ydoxhv ri wkh rxwsxw jds dqg lq dwlrq144 Wklv YDU ixqgv udwh
htxdwlrqzlwk lwv lqwhusuhwdwlrq dv d Ihghudo Uhvhuyh uhdfwlrq ixqfwlrqlv dovr dgghg dv d wklug
htxdwlrq wr wkh vwuxfwxudo prgho +516, dqg +519,1 Ehfdxvh wklv htxdwlrq lv vkduhg e| wkh YDU
dqg wkh dxjphqwhg vwuxfwxudo prgho/ dq| glhuhqfhv lq g|qdplfv ehwzhhq wkh wzr v|vwhpv fdq
eh dwwulexwhg wr wkh rxwsxw dqg lq dwlrq htxdwlrqv1
Iljxuh 4 vkrzv wkh uhvsrqvhv ri wkhvh wzr v|vwhpv wr ydulrxv vkrfnv1 Wkh lpsxovh uhvsrqvhv
ri wkh vwuxfwxudo v|vwhp duh vkrzq dv vrolg olqhv/ zkloh wkh YDU lpsxovh uhvsrqvhv duh vkrzq
dv gdvkhg olqhv dorqj zlwk wkhlu <8 shufhqw frqghqfh lqwhuydov dv grwwhg olqhv145 Lq uhvsrqvh wr
d srvlwlyh ixqgv udwh vkrfn/ rxwsxw dqg lq dwlrq ghfolqh lq d vlplodu pdqqhu lq hdfk v|vwhp146
D srvlwlyh rxwsxw vkrfn shuvlvwv ryhu wlph dqg errvwv lq dwlrq lq d olnh idvklrq lq erwk prghov1
Wkh lq dwlrq vkrfn dovr vkrzv vxevwdqwldo shuvlvwhqfh1 Ryhudoo/ wkh vwuxfwxudo prgho dqg YDU
lpsxovh uhvsrqvhv dsshdu wr eh txlwh vlplodu1
Wkxv/ hyhq wkrxjk vxuyh| h{shfwdwlrqv zhuh xvhg wr hvwlpdwh wkh prgho/ wkh prgho
g|qdplfv xqghu udwlrqdo h{shfwdwlrqv dsshdu wr w wkh gdwd idluo| zhoo1 Lqghhg/ Ixkuhu +4<<:,
rewdlqv dq hvwlpdwhg lq dwlrq htxdwlrq yhu| vlplodu wr +516, e| hvvhqwldoo| pd{lpl}lqj wkh w
ehwzhhq wkh dxwrfruuhodwlrqv ri wkh prgho dqg wkh gdwd lpsolflw lq Iljxuh 41 Lq frqwudvw/ Iljxuh
5 frpsduhv wkh lpsxovh uhvsrqvhv ri wkh YDU wr wkrvh iurp wkh vwuxfwxudo prgho zkhuh wkh
ydoxh ri  lv vhw htxdo wr 31;1 +Hyhu|wklqj hovh derxw wkh wzr v|vwhpv lv khog {hg1, Wklv prgho
lv hpslulfdoo| lpsodxvleoh iurp wkh vwdqgsrlqw ri vxuyh| h{shfwdwlrqv dqg/ lw dsshduv/ iurp wkh
vwdqgsrlqw ri w wr wkh gdwd xqghu udwlrqdo h{shfwdwlrqv1 Wkh gl!fxow| zlwk d prgho zlwk vxfk
d kljk ghjuhh ri iruzdug0orrnlqj lq dwlrq ehkdylru lv hylghqw lq wkh wrs wkuhh sdqhov ri Iljxuh
44 Wkh YDU rxwsxw htxdwlrq uhjuhvvhv rxwsxw rq odjv ri Z/ +/d q g1 Wkh YDU lq dwlrq htxdwlrq uhjuhvvhv
lq dwlrq rq wkh vdph odjv dv zhoo dv wkh frqwhpsrudqhrxv ydoxh ri wkh rxwsxw jds1 Wkxv/ wklv YDU kdv d Fkrohvn|
idfwrul}dwlrq zlwk d fdxvdo rughu ri rxwsxw/ lq dwlrq/ dqg wkh ixqgv udwh1
45 Wkh lpsxovh uhvsrqvhv ri wkh hvwlpdwhg iruzdug0orrnlqj vwuxfwxudo v|vwhp +zlwk wkh YDU lqwhuhvw udwh
htxdwlrq, duh rewdlqhg iurp wkh uhgxfhg irup zklfk lv fdofxodwhg dqdo|wlfdoo| dv ghvfulehg ehorz1
46 Wkhuh lv d prghvw/ lqvljqlfdqw sulfh sx}}oh h{klelwhg e| wkh YDU exw qrw wkh vwuxfwxudo prgho1
;5= Wkh uhvsrqvh ri lq dwlrq lv pxfk idvwhu lq wkh prgho wkdq dsshduv wr eh wkh fdvh lq sudfwlfh1
Qrwdeo|/ diwhu d srvlwlyh vkrfn wr wkh ixqgv udwh/ wkh lq dwlrq udwh frxqwhuidfwxdoo| mxpsv grzq
lpphgldwho| wr d orzhu ohyho1 Dovr/ diwhu dq lq dwlrq vkrfn/ wkh lq dwlrq udwh uhwxuqv wr wkh
edvholqh ohyho diwhu wzr ru wkuhh txduwhuv zlwk hvvhqwldoo| qr ghyldwlrq lq rxwsxw1 Vxfk d orz
vdfulfh udwlr lv txlwh lpsodxvleoh1 +Vhh Hvwuhood dqg Ixkuhu/ 4<<;1,
61 Prqhwdu| Srolf| Uxohv
Jlyhq wkh hpslulfdo prgho ghvfulehg deryh/ L h{dplqh wkh shuirupdqfh ri wkuhh vshflf vlpsoh
srolf| uxohv wkdw kdyh ehhq uhfrpphqghg e| suhylrxv dxwkruv dv jrrg jxlghv iru prqhwdu|
srolf|1 Wzr ri wkhvh uxohv uhvsrqg wr wkh jurzwk udwh ri qrplqdo rxwsxw147 Wkh uvw vxfk
qrplqdo rxwsxw uxoh/ ghqrwhg khuh dv wkh Q4 uxoh/ lv wkh rqh dgyrfdwhg e| Ruskdqlghv +4<<<,=
l| @ uW . | . j7 %+ {|   {W
|,= +614,
Wklv uxoh vhwv wkh qrplqdo lqwhuhvw udwh htxdo wr wkh htxloleulxp uhdo lqwhuhvw udwh +uW, soxv
lq dwlrq + |, soxv vrph iudfwlrq j7 % ri wkh ghyldwlrq ri irxu0txduwhu qrplqdo rxwsxw jurzwk
iurp lwv wdujhw udwh/ ghqrwhg  {|   {W
|1 Qrwh wkdw qrplqdo rxwsxw jurzwk fdq/ ri frxuvh/ eh uh0
zulwwhq dv wkh vxp ri lq dwlrq dqg uhdo rxwsxw jurzwk/  {|   {W
| @ | . et| W etW
|/z k h u h
et| @ t|  t|3e dqg etW
| lv wkh wdujhw +wuhqg, jurzwk udwh ri srwhqwldo rxwsxw148
Wkh vhfrqg qrplqdo rxwsxw uxoh/ ghqrwhg dv wkh Q5 uxoh/ lv rqh vxjjhvwhg e| PfFdooxp dqg
Qhovrq +4<<<d,=
l| @ j%+{|  {W
|,.l|3￿= +615,
Wklv uxoh uhvsrqgv wr wkh ghyldwlrq ri txduwhuo| qrplqdo rxwsxw jurzwk +dw dq dqqxdo udwh,
iurp lwv wdujhw149 Lq whupv ri txduwhuo| lq dwlrq dqg uhdo rxwsxw jurzwk +dw dq dqqxdo udwh,/
{|  {W
| @ |  W .7  t|  7tW
|1 Wkh Q5 uxoh dovr uhvsrqgv wr wkh odjjhg ixqgv udwh lq
dq dxwruhjuhvvlyh idvklrq1 +Vxfk lqwhuhvw udwh vprrwklqj kdv ehhq uhfrpphqghg e| Ohylq/
Zlhodqg/ dqg Zlooldpv/ 4<<</ dqg Zrrgirug/ 4<<<1,
47 Lw lv lpsruwdqw wr qrwh wkdw wkhvh duh lqvwuxphqw uxohv wkdw uhvsrqg wr qrplqdo rxwsxw1 Wkh| duh qrw uxohv
wkdw dfwxdoo| wdujhw qrplqdo rxwsxw/ dv glvfxvvhg lq Uxghexvfk dqg Vyhqvvrq +4<<<d, dqg Vyhqvvrq +4<<<,1
Qrplqdo rxwsxw wdujhwlqj uxohv zrxog lqyroyh wkh plqlpl}dwlrq ri d orvv ixqfwlrq ryhu h{shfwhg ixwxuh ghyldwlrqv
ri qrplqdo rxwsxw iurp d ghvluhg ohyho1 Qrplqdo rxwsxw wdujhwlqj dovr frxog eh h{suhvvhg dv d uxoh wkdw fkdqjhv
wkh lqwhuhvw udwh lq uhvsrqvh wr pdq| yduldeohv +sduwlfxoduo|/ wkh ghwhuplqdqwv ri qrplqdo lqfrph, lq rughu wr
s u r g x f hdg h v l u h gq r p l q d ol q f r p hs d w k 1 W k l vv w u d w h j |l vh { d p l q h gl qU x g h e x v f kd q gV y h q v v r q+ 4 < < < e ,d q gl v
irxqg wr shuirup txlwh srruo|/ exw Mhqvhq +4<<<, rewdlqv pruh idyrudeoh uhvxowv1
48 Qrplqdo rxwsxw lv ghqhg dv | ' |'|/v r7 %| ' ffE*?| 3 *?|3e'7 Z| n{ e^|1 Vlploduo|/ txduwhuo|
qrplqdo rxwsxw jurzwk +dw dq dqqxdo udwh, lv ghqhg dv %| ' effE*?| 3 *?|3￿'Z| ne { ^|1
49 Mxgg dqg Prwoh| +4<<5, dovr h{dplqh wklv uxoh zlwk 4 ' 1
<Dv d ehqfkpdun wr hydoxdwh wkh shuirupdqfh ri wkhvh qrplqdo rxwsxw uxohv/ L dovr frqvlghu
d vwdwlf Wd|oru0w|sh uxoh +ghqrwhg dv wkh W uxoh,=
l| @ uW . | . jZ+ |  W,.j+||> +616,
zklfk vhwv wkh qrplqdo lqwhuhvw udwh htxdo wr wkh uhdo htxloleulxp udwh +uW, soxv lq dwlrq dqg
vrph iudfwlrq jZ ri irxu0txduwhu lq dwlrq ghyldwlrqv iurp wdujhw dqg vrph iudfwlrq j+ ri wkh
rxwsxw jds1 Wklv uxoh shuirupv zhoo lq d ydulhw| ri prghov +vhh Wd|oru/ 4<<<, dqg dv d vlpsoh
wzr0sdudphwhu uxoh lv wkh reylrxv dowhuqdwlyh wr wkh Q4 dqg Q5 uxohv1
Lq dqdo|}lqj wkh shuirupdqfh ri wkhvh uxohv/ wkh dfwxdo qxphulfdo ydoxhv fkrvhq iru uW dqg
W gr qrw dhfw wkh uhvxowv/ zklfk duh edvhg rq wkh vhfrqg prphqwv ri wkh jrdo yduldeohv lq d
olqhdu prgho1 Iroorzlqj vwdqgdug qrupdol}dwlrqv +Uxghexvfk dqg Vyhqvvrq 4<<<d,/ L vhw uW dqg
W htxdo wr }hur1 Krzhyhu/ wkh xvh ri wkh qrupdol}dwlrq uW @3i r uw k hWd q gQ 4u x o h vk d vw k h
lpsruwdqw lpsolfdwlrq wkdw wkh srolf|pdnhu nqrzv wkh wuxh htxloleulxp uhdo udwh hperglhg lq
wkh LV fxuyh +518, dqg lqfrusrudwhv wklv nqrzohgjh lqwr wkh vhwwlqj ri udwhv1 Lqghhg/ d srvvleoh
dgydqwdjh ri wkh Q5 uxoh lv wkdw lw grhv qrw uho| rq nqrzohgjh ri uW1 Krzhyhu/ dv vkrzq lq
Uxghexvfk +4<<<,/ xqfhuwdlqw| derxw uW lq lpsohphqwlqj uxohv vxfk dv W dqg Q4 lv ri olwwoh
lpsruwdqfh lq wklv iudphzrun lq whupv ri dowhulqj wkh rswlpdo uxoh frh!flhqwv ru wkh h{shfwhg
orvv1
Vlploduo|/ lq wkh qh{w wzr vhfwlrqv/ L dovr dvvxph wkdw wkh wuhqg jurzwk udwh ri srwhqwldo
rxwsxw lv nqrzq wr htxdo }hur +l1h1/ tW
| @ etW
| @3 ,/ zklfk lpsolhv wkdw wdujhw qrplqdo rxwsxw
jurzwk lv dovr nqrzq wr eh }hur +l1h1/ {W
| @ {W
| @3 ,1 Wklv dvvxpswlrq lv uhod{hg lq vhfwlrq 9/
zkhq xqfhuwdlqw| derxw wkh jurzwk udwh ri srwhqwldo rxwsxw lv lqwurgxfhg +zklfk dhfwv wkh jds
ehwzhhq dfwxdo dqg ghvluhg qrplqdo rxwsxw jurzwk lq wkh Q4 dqg Q5 uxohv,1
W k h v hu x o h vd u hv l p s o he h f d x v hw k h |f d qe hz u l w w h ql qw h u p vr ir q o |di h zy d u l d e o h v 1 L q
frqwudvw/ wkh ixoo| rswlpdo uxoh zrxog lqyroyh doo ri wkh vwdwh yduldeohv ri wkh prgho +vhh Uxgh0
exvfk dqg Vyhqvvrq/ 4<<<d/ dqg Zlooldpv/ 4<<<,1 Krzhyhu/ jlyhq wkh frqvwudlqw rq wkh irup
ri wkh uxoh/ wkh sdudphwhuv ri hdfk ri wkh wkuhh vlpsoh uxohv duh fkrvhq vr dv wr plqlpl}h wkh
h{shfwhg orvv1 Ghulylqj wkh rswlpdo irup ri wklv uxohv uhtxluhv dq remhfwlyh ixqfwlrq/ dqg L xvh
d idluo| vwdqgdug rqh lq zklfk wkh fhqwudo edqn lv dvvxphg wr plqlpl}h wkh yduldwlrq lq lq dwlrq
durxqg lwv wdujhw W/ lq wkh rxwsxw jds/ dqg lq fkdqjhv lq wkh lqwhuhvw udwh +vhh Uxghexvfk dqg
Vyhqvvrq/ 4<<<d/ dqg Fodulgd/ Jdol/ dqg Jhuwohu/ 4<<<,1 Vshflfdoo|/ h{shfwhg orvv htxdov wkh
43zhljkwhg vxp ri xqfrqglwlrqdo yduldqfhv/
H^O|`@Y d u^  |  W`.Ydu^||`.Ydu ^l|`> +617,
zkhuh l| @ l|  l|3￿/ dqg wkh sdudphwhuv   3 dqg   3 duh wkh uhodwlyh zhljkwv rq rxwsxw
vwdelol}dwlrq dqg lqwhuhvw udwh vprrwklqj/ uhvshfwlyho|/ zlwk uhvshfw wr lq dwlrq vwdelol}dwlrq1
Iroorzlqj Uxghexvfk dqg Vyhqvvrq +4<<<d, dqg Uxghexvfk +4<<<,/ L vhw  @4dqg  @3 =8 dv
d edvholqh fdvh exw frqvlghu vrph dowhuqdwlyhv lq wkh qh{w vhfwlrq1
Ilqdoo|/ lw vkrxog eh qrwhg wkdw wkh uhvxowv lq wklv sdshu duh rewdlqhg zlwk d udwlrqdo h{shf0
wdwlrqv frpplwphqw vroxwlrq ri wkh iruzdug0orrnlqj vwuxfwxudo v|vwhp ri djjuhjdwh ghpdqg/
djjuhjdwh vxsso|/ dqg d srolf| uxoh14: Wkdw lv/ wkh srolf| uxoh lv dvvxphg wr eh shuihfwo| fuhgleoh/
vr djhqwv nqrz wkh uxoh dqg dvvxphv +fruuhfwo|, wkdw lw zloo eh iroorzhg1 Wkh xvh ri vlpsoh srolf|
uxohv pd| dlg lq vxfk d frpplwphqw1 Lq dgglwlrq/ wkh vroxwlrq wdnhv qr dffrxqw ri wkh idfw wkdw
wkh qrplqdo lqwhuhvw udwh lv erxqghg iurp ehorz e| }hur1 Wkh lpsrvlwlrq ri vxfk d frqvwudlqw lv
glvfxvvhg lq Uxghexvfk dqg Vyhqvvrq +4<<<d, dqg Uhlivfkqhlghu dqg Zlooldpv +4<<<,1
71 Prgho Xqfhuwdlqw|
Ehqqhww PfFdooxp +4<;;/ 4<<:d, kdv ehhq dq lpsruwdqw sursrqhqw ri wkh sulqflsoh ri urexvw0
qhvv/ vshflfdoo|/ wkdw d srolf| uxoh vkrxog |lhog uhdvrqdeo| jrrg rxwfrphv lq d zlgh ydulhw| ri
pdfurhfrqrplf vshflfdwlrqv1 Urexvw srolf| uxohv duh suhihuuhg ehfdxvh ri xqfhuwdlqw| uhjdug0
lqj wkh h{dfw uhsuhvhqwdwlrq ri wkh hfrqrp|1 Vwloo/ dv qrwhg deryh/ wkhuh lv d eurdg frqvhqvxv
wkdw wkh djjuhjdwh ghpdqg dqg vxsso| iudphzrun ghvfulehg lq vhfwlrq 5 lv d xvhixo rqh iru
dqdo|}lqj srolf| uxohv1 Dq lpsruwdqw uhpdlqlqj xquhvroyhg lvvxh lv wkh ghjuhh wr zklfk lq d0
wlrq lv h{solflwo| iruzdug0orrnlqj lq d prgho0frqvlvwhqw idvklrq1 Lq wklv vhfwlrq/ L lqyhvwljdwh wkh
shuirupdqfh dqg urexvwqhvv ri wkh srolf| uxohv ryhu d udqjh ri vxfk iruzdug0orrnlqj ehkdylru1
Wdeoh 4 h{dplqhv wkh shuirupdqfh ri wkh W/ Q4/ dqg Q5 uxohv dvvxplqj wkh orvv ixqfwlrq +617,
dqg wkh prgho +516, dqg +519,1 Wkh wkuhh sdqhov lq wkh wdeoh suhvhqw uhvxowv iru wkh fdvhv  @3 =3/
 @3 =6/d q g @3 =9 +wkh rwkhu sdudphwhuv lq wkh prgho duh {hg,1 Wkh hvwlpdwlrq uhvxowv deryh
idyru wkh lqwhuphgldwh ydoxh ri  @3 =6> krzhyhu/ wkh udqjh ri rwkhu hpslulfdo hvwlpdwhv ghvfulehg
deryh dqg wkh lpsruwdqfh ri lqyhvwljdwlqj uxoh urexvwqhvv uhfrpphqg frqvlghudwlrq ri d zlgh
udqjh ri ydoxhv iru 1 Wkh fdvh zlwk  @3 =3 +sdqho D, lv lpsruwdqw ehfdxvh lw lv d prgho
4: Vshflfdoo|/ uhvxowv duh rewdlqhg xvlqj wkh DLP dojrulwkp +Dqghuvrq dqg Prruh/ 4<;8/ dqg dydlodeoh dw
kwws=22zzz1erj1iue1ihg1xv2sxev2rvv2rvv72dlplqgh{1kwpo,1
44zlwk frpsohwho| dgdswlyh h{shfwdwlrqv wkdw lv dq hpslulfdo frxqwhusduw wr wkh wkhruhwlfdo prgho
xvhg e| Edoo +4<<<, dqg Vyhqvvrq +4<<:,1 Dv qrwhg deryh/ wkh yhu| xsshu hqg ri wkh sodxvleoh
hpslulfdo udqjh ri  lv 3=9/ dqg wkdw lv wkh fdvh frqvlghuhg lq sdqho F1
Wkxv/ Wdeoh 4 jrhv wr wkh khduw ri wkh ghedwh ehwzhhq Edoo +4<<<,/ Vyhqvvrq +4<<:,/ dqg
PfFdooxp +4<<:e,1 Lq sdqho D/ zlwk  @3 =3/ wkh fdxwlrq h{suhvvhg e| Edoo dqg Vyhqvvrq derxw
wkh shuirupdqfh ri qrplqdo lqfrph uxohv lv dssduhqw1 Lq wkh uvw olqh/ wkh Wd|oru0w|sh W uxoh
+zlwk rswlpdo frh!flhqwv jlyhq lq sduhqwkhvhv, kdv dq h{shfwhg orvv ri <=97 zlwk xqfrqglwlrqdo
vwdqgdug ghyldwlrqv ri lq dwlrq/ rxwsxw/ dqg lqwhuhvw udwhv ri Vwg^ |`@5 =34/V w g ^||`@5 =34/
dqg Vwg^l|`@4 =:81 Lq frqwudvw/ wkh Q4 dqg Q5 uxohv gr vxevwdqwldoo| zruvh zlwk orvvhv ri
46=;5 dqg 48=:8/ uhvshfwlyho|1 Xqghu d vwulfw lqwhusuhwdwlrq/ krzhyhu/ wkh Edoo dqg Vyhqvvrq
uhvxow ri wkh g|qdplf lqvwdelolw| ri qrplqdo lqfrph uxohv grhv qrw jhqhudol}h wr wklv prgho zlwk
dgdswlyh h{shfwdwlrqv exw orqjhu/ hpslulfdoo| sodxvleoh odjv1 Vwloo/ wkh vslulw ri wkhlu uhvxow grhv
hqgxuh/ dv wkh uhodwlyh shuirupdqfh ri wkh qrplqdo lqfrph dsshduv wr ghvhuyh Edoo*v +4<<<, whup
glvdvwurxv14;
Wdeoh 4
Uhvxowv iru Wkuhh Rswlpl}hg Vlpsoh Uxohv
Yrodwlolw| Uhvxowv H{shfwhg
Uxoh Vwg^ |`V w g ^ ||`V w g ^ l|`O r v v
Sdqho D1 Prgho zlwk  @3 =3
W+ jZ @ 41;:/ j+ @ 4186, 5134 5134 41:8 <197
Q4 +j7 % @ 4137, 518; 5176 418< 461;5
Q5 +j% @ 3187/  @ 31:6, 51;8 515< 514< 481:8
Sdqho E1 Prgho zlwk  @3 =6
W+ jZ @ 41:3/ j+ @ 41:5, 41<; 41;< 513< <1:4
Q4 +j7 % @ 4175, 51:< 5183 5165 491:6
Q5 +j% @ 31:5/  @ 319<, 6149 5168 613< 5315:
Sdqho F1 Prgho zlwk  @3 =9
W+ jZ @ 31:6/ j+ @ 4187, 417; 4195 41;; 918:
Q4 +j7 % @ 414<, 41:6 41:; 5149 ;185
Q5 +j% @ 3176/  @ 31<7, 4185 41:8 41;8 :13:
4; Wklv lv frqvlvwhqw zlwk wkh hduolhu uhvxowv ri Wd|oru +4<;8, dqg Mxgg dqg Prwoh| +4<<5,1 Dv Wd|oru +4<;8/
s1 ;4, qrwhv/ Qrplqdo JQS uxohv wkdw irfxv vroho| rq wkh jurzwk udwh frxog zruvhq exvlqhvv0f|foh  xfwxdwlrqv
e| dozd|v fdxvlqj wkh hfrqrp| wr ryhuvkrrw lwv htxloleulxp diwhu vkrfnv1 Vxfk ryhuvkrrwlqj lv dssduhqw lq wkh
lpsxovh uhvsrqvhv wr vkrfnv ghvfulehg ehorz1
45Sdqhov E dqg F h{soruh zkhwkhu dgglqj udwlrqdo h{shfwdwlrqv wr wkh lq dwlrq g|qdplfv
lpsuryhv wkh uhodwlyh shuirupdqfh ri qrplqdo rxwsxw uxohv dv vxjjhvwhg e| PfFdooxp1 Djdlq/
dv d jhqhudo vwdwhphqw/ wklv grhv qrw dsshdu wr eh wuxh1 Wkh shuirupdqfh ri wkh qrplqdo rxwsxw
uxohv uhodwlyh wr wkh Wd|oru uxoh dfwxdoo| ghwhulrudwhv d elw dv  lqfuhdvhv iurp }hur wr 3=61 Vwloo/
dw yhu| kljk ohyhov ri / wkh ydulrxv uxohv surgxfh pxfk pruh vlplodu yrodwlolwlhv dqg orvvhv1 Wklv
uhvxow lv dssduhqw lq Iljxuh 6/ zklfk judskv wkh h{shfwhg orvv ri wkh rswlpdo irupv ri wkh wkuhh
uxohv iru wkh hqwluh }hur0wr0rqh udqjh ri 1 PfFdooxp dsshduv wr eh fruuhfw lq dvvhuwlqj wkdw
zlwk kljk ohyhov ri h{solflwo| iruzdug0orrnlqj sulfh0vhwwlqj ehkdylru qrplqdo rxwsxw uxohv duh d
uhdvrqdeoh dowhuqdwlyh wr wkh Wd|oru uxoh1 Vwloo/ d fuxfldo lvvxh lq uhvroylqj wkh ghedwh derxw jrrg
srolf| uxohv lv zkhwkhu Edoo ru PfFdooxp frqvlghu dq hpslulfdoo| pruh uhohydqw fdvh1 Dv vkrxog
eh fohdu iurp wkh hpslulfdo hylghqfh vxppdul}hg deryh/ lw lv yhu| xqolnho| wkdw  lv juhdwhu wkdq
3=9> wkhuhiruh/ iurp Iljxuh 4/ Edoo*v frqfoxvlrqv derxw wkh shuirupdqfh ri qrplqdo rxwsxw uxohv
iru prqhwdu| srolf| vhhp dssursuldwho| shvvlplvwlf1
Lq wklv uhjdug/ lw lv dovr lqvwuxfwlyh wr h{dplqh wkh lpsxovh uhvsrqvhv ri wkh prgho1 Iljxuh 7
glvsod|v wkh uhvsrqvhv ri rxwsxw/ lq dwlrq/ dqg wkh ixqgv udwh wr dq rxwsxw vkrfn iru wkh wkuhh
srolf| uxohv xqghu wkh dvvxpswlrq wkdw  @3 =61 Wzr ihdwxuhv duh ri sduwlfxodu qrwh1 Iluvw/ wkh
 xfwxdwlrqv ri rxwsxw dqg lq dwlrq duh qrw v|fkurql}hg/ zlwk pryhphqwv lq lq dwlrq wudlolqj
wkrvh lq rxwsxw1 Djdlq/ wklv uh hfwv wkh shuvlvwhqfh ri lq dwlrq hylghqw lq wkh YDU vxppdu|
ri wkh gdwd lq Iljxuh 41 Vhfrqg/ zlwk wkh qrplqdo lqfrph uxohv/ wkhuh lv d vxvwdlqhg rvfloodwlrq
lq wkh hfrqrp|/ zklfk uh hfwv wkh kljkhu yduldelolw| hylghqw iru wklv fdvh lq wdeoh 41 Iljxuh 8
surylghv dq h{wuhph dowhuqdwlyhwkh fdvh zlwk  @3 =;1 Lq wklv fdvh/ lq dwlrq kdv yhu| olwwoh
shuvlvwhqfh dqg/ frxqwhuidfwxdoo|/ dsshduv v|qfkurql}hg zlwk rxwsxw1 Doo wkuhh ri wkh uxohv duh
hdvlo| deoh wr gdps hfrqrplf  xfwxdwlrqv lq wklv fdvh1
Wkh wkuhh sdqhov ri Iljxuh 9 h{dplqh dowhuqdwlyh sdudphwhul}dwlrqv ri wkh orvv ixqfwlrq1 Wkh
deryh uhvxowv dvvxphg wkdw wkh uhodwlyh zhljkwv rq rxwsxw dqg lqwhuhvw udwh yrodwlolw| duh  @4
dqg  @3 =81 Dv vkrzq lq Iljxuh 9/ vhwwlqj  wr 5 ru 318 ru udlvlqj  wr 5 grhv qrw fkdqjh wkh
uhvxowv1
Wdeoh 4 dqg Iljxuh 6 surylgh vrph lqvljkw lqwr wkh ghedwh derxw krz zhoo qrplqdo lqfrph
uxohv shuirup lq ydulrxv prghov1 Krzhyhu/ wkhvh uhvxowv gr qrw fdswxuh wkh prgho xqfhuwdlqw|
idfhg e| d srolf|pdnhu1 D srolf|pdnhu pxvw uho| rq d sduwlfxodu sdudphwhul}dwlrq ri d uxoh
+zlwk jlyhq qxphulfdo frh!flhqwv,/ dqg wkhq frqvlghu wkh shuirupdqfh ri wkdw jlyhq uxoh dfurvv
ydulrxv prghov1 Wklv lvvxh ri wkh shuirupdqfh ri d {hg uxoh dfurvv prghov lv wkh hvvhqfh ri wkh
46prgho urexvwqhvv fulwhulrq fkdpslrqhg e| PfFdooxp +4<<:d,1
D jhqhudo dssurdfk wr rswlpdo urexvw srolf| lv wr slfn wkh uxoh wkdw grhv ehvw ryhu wkh
vhw ri doo srvvleoh prghov/ zlwk hdfk prgho zhljkwhg e| lwv dssursuldwh suredelolw| +Uxghexvfk
4<<<,1 Dv vwuhvvhg e| Vwrfn +4<<<,/ wkh sudfwlfdo gl!fxow| lq dsso|lqj wklv surfhgxuh vwhpv iurp
ghwhuplqlqj wkh suredelolw| glvwulexwlrq ri srvvleoh prghov1 Iru h{dpsoh/ jlyhq wkh glvsdudwh
hpslulfdo hylghqfh uhylhzhg lq vhfwlrq 5/ lw lv gl!fxow wr vxppdul}h wkh olnho| ydoxh ri  rwkhu
wkdq vd|lqj lw suredeo| olhv lq wkh 3=3 wr 3=9 udqjh1 Vwloo/ hyhq zlwk vxfk d glxvh glvwulexwlrq
ri olnho| ydoxhv/ lw lv srvvleoh wr frph wr vrph frqfoxvlrqv1 Iru h{dpsoh/ frqvlghu wkh wkuhh
sduwlfxodu sdudphwhul}dwlrqv ri wkh Q4/ Q5/ dqg wkh W uxohv wkdw duh rswlpdo zkhq  htxdov 3=3/
3=6/d q g3=9 +wkh sdudphwhuv duh jlyhq lq Wdeoh 4,1 Wkh wkuhh sdqhov ri Iljxuh : glvsod| wkh orvv
iurp dsso|lqj wkhvh qlqh vshflf uxohv lq d udqjh ri prghov zlwk ydu|lqj ydoxhv ri 1W k hg r w
rq hdfk olqh lq wkh jxuh lv sodfhg dw wkh ydoxh ri  iru zklfk wkh uxoh lv rswlpdo1 Iru h{dpsoh/
wkh uhvxowv lq wkh plggoh sdqho duh uhohydqw iru wkh srolf|pdnhu zkr wklqnv 3=6 lv wkh prvw olnho|
ydoxh iru  dqg vr rswlpl}hv wkh srolf| uxoh iru wkdw vlwxdwlrq1 Krzhyhu/ wkh srolf|pdnhu pxvw
frqvlghu wkh shuirupdqfh ri wkh uxoh lq wkh hyhqw wkdw wkh dfwxdo ydoxh ri  lv qrw htxdo wr
3161 Dv lv dssduhqw lq wkh plggoh sdqho/ wklv sduwlfxodu W uxoh +zklfk lv rswlpl}hg iru  @3 =6,
grplqdwhv wkh sduwlfxodu Q4 dqg Q5 uxohv +zklfk duh dovr rswlpl}hg iru  @3 =6, dw doo srvvleoh
ydoxhv ri 1 Wkxv/ uhjdugohvv ri wkh glvwulexwlrq ri  wkdw lv hqylvlrqhg e| wkh srolf|pdnhu +h1j1/
qrupdo fhqwhuhg dw 3=6/x q l i r u pi u r p} h u rw r3=9/ hwf1,/ wklv W uxoh zloo eh suhihuuhg ryhu wkh
qrplqdo rxwsxw uxohv1
Wkh uhvxowv duh pxfk wkh vdph iru wkh uxohv rswlpl}hg iru  @3 =3 dqg  @3 =91 Iru h{dpsoh/
lq wkh wrs sdqho ri Iljxuh :/ wkh srolf|pdnhu fkrrvhv wkh rswlpdo vlpsoh uxohv dvvxplqj  @3 =31
Li lq idfw wkh ydoxh ri  lv vrphwklqj hovh/ wkh fkrvhq W uxoh vwloo grplqdwhv wkh qrplqdo rxwsxw
uxohv lq shuirupdqfh1 Wkh erwwrp sdqho ri Iljxuh : surylghv dq lpsruwdqw h{dpsoh ri wkh
qrq0urexvwqhvv ri d srolf| uxoh1 Lq wklv sdqho/ wkh uxohv duh rswlpl}hg dvvxplqj wkdw  @3 =91
Dv qrwhg lq wkh hduolhu uhvxowv/ dw  @3 =9/ wkh qrplqdo lqfrph uxohvdqg lq sduwlfxodu wkh Q5
uxohshuirup derxw dv zhoo dv wkh W uxoh +vr wkh wkuhh grwv lq wkh orzhu sdqho duh foxvwhuhg
wrjhwkhu,1 Krzhyhu/ wkh sduwlfxodu sdudphwhul}dwlrq ri wkh Q5 uxoh wkdw lv rswlpdo dw  @3 =9
shuirupv h{wuhpho| srruo| dw rwkhu ydoxhv ri 1 Lq sduwlfxodu/ dw ydoxhv ri wkh  ohvv wkdq 3=8
wklv Q5 uxoh lv g|qdplfdoo| xqvwdeoh1 Wkxv/ hyhq d srolf|pdnhu zkr wkrxjkw wkdw  zdv txlwh
kljk zrxog olnho| qrw fkrrvh wkh Q5 uxoh ehfdxvh ri wkh srru hfrqrplf rxwfrph lq wkh fdvh ri d
orzhu ydoxh ri 1
47Wr vxppdul}h wkh uhvxowv= Qrplqdo lqfrph uxohv gr yhu| srruo| lq Qhz Nh|qhvldq prghov
zlwk hpslulfdoo| sodxvleoh dprxqwv ri iruzdug0orrnlqj ehkdylru dqg shuvlvwhqfh1 Ixuwkhupruh/
iurp wkh vwdqgsrlqw ri urexvwqhvv/ wkh Q5 uxoh vxjjhvwhg e| PfFdooxp dqg Qhovrq +4<<<d,
dsshduv wr eh sduwlfxoduo| ghflhqw1
81 Uhdo0Wlph Rxwsxw Jds Xqfhuwdlqw|
Lq wkh suhylrxv vhfwlrq/ wkh W uxoh zdv vkrzq wr shuirup txlwh zhoo dfurvv d udqjh ri sodxvleoh
prgho vshflfdwlrqv1 Dv pdq| kdyh qrwhg/ krzhyhu/ vhwwlqj prqhwdu| srolf| rq wkh edvlv ri
wkh ohyho ri wkh rxwsxw jds/ dv lq wkh Wd|oru uxoh/ uhtxluhv uho|lqj rq d txdqwlw| wkdw lv gl!fxow
wr phdvxuh dffxudwho| lq uhdo wlph +PfFdooxp/ 4<<:d/ Fodulgd/ Jdol/ dqg Jhuwohu/ 4<<</ Vphwv/
4<<;/ dqg Uxghexvfk 4<<<,1 Iru h{dpsoh/ Iljxuh ; sorwv uhdo0wlph hvwlpdwhv dqg qdo uhylvhg
hvwlpdwhv ri pdqxidfwxulqj fdsdflw| xwlol}dwlrq/ d phdvxuh forvho| uhodwhg wr wkh rxwsxw jds14<
Wkh uhdo0wlph huuruv duh fohduo| odujh lq vl}h dqg txlwh shuvlvwhqw> lqghhg/ rqh0vlghg huuruv ri d
shufhqwdjh srlqw ru pruh fdq h{whqg iru vhyhudo txduwhuv1 Dv ghvfulehg lq Uxghexvfk +4<<<,
dqg Ruskdqlghv/ hw do1 +4<<<,/ wkh uhdo0wlph rxwsxw jds phdvxuhphqw huuruv h{klelw vlplodu
ihdwxuhv1 Dffruglqjo|/ Ruskdqlghv +4<<<, vxjjhvwv wkdw wkhuh pd| eh hqrxjk xqfhuwdlqw| lq wkh
uhdo0wlph phdvxuhphqw ri wkh rxwsxw jds vr wkdw d qrplqdo lqfrph uxoh +dqg vshflfdoo| wkh
Q4 uxoh deryh, pd| rxw0shuirup wkh Wd|oru uxoh1 Wklv vhfwlrq lqyhvwljdwhv wklv vxjjhvwlrq lq
dq dqdo|wlfdo idvklrq1 Krzhyhu/ rqo| rxwsxw jds xqfhuwdlqw| lv frqvlghuhg lq rughu wr sxw wkh
qrplqdo lqfrph uxohv lq wkh ehvw srvvleoh vlwxdwlrq1 Wkh qh{w vhfwlrq zloo lqfrusrudwh uhdo0wlph
gdwd xqfhuwdlqw| derxw lq dwlrq dqg rwkhu yduldeohv1
Iru d uhdo0wlph dqdo|vlv/ dvvxph wkdw wkh srolf|pdnhu xvlqj wkh W uxoh kdv wr uho| rq d
frqwhpsrudqhrxv hvwlpdwh ri wkh rxwsxw jds/ qdpho|/ ||￿|1 Wkdw lv/ wkh W uxoh +616, lv prglhg
wr ehfrph53
l| @ | . jZ | . j+||￿|= +814,
Wkhuh duh/ ri frxuvh/ qr sxeolvkhg gdwd rq frqwhpsrudqhrxv uhdo JGS ru srwhqwldo rxwsxw>
krzhyhu/ lq uhdo wlph/ wkh srolf|pdnhu grhv kdyh d odujh dprxqw ri lqirupdwlrq derxw wkh
fxuuhqw0txduwhu vwdwh ri wkh hfrqrp| e| wkh zd| ri prqwko|/ ru hyhq zhhno|/ vwdwlvwlfv rq sur0
gxfwlrq/ hpsor|phqw/ vshqglqj/ dqg sulfhv1 Vwloo/ ||￿| lv rqo| d yhu| qrlv| frqwhpsrudqhrxv
4< Lq wklv jxuh/ wkh txduwhuo| uhdo0wlph vhulhv lv ghqhg dv wkh dyhudjh ri wkh lqlwldo uhohdvh ri wkh vhfrqg prqwk
dqg wkh uvw uhylvlrq ri wkh uvw prqwk ri hdfk txduwhu1 Wkhvh gdwd zhuh dydlodeoh lq wkh wklug prqwk ri wkh vdph
txduwhu1 Wkhvh gdwd zhuh nlqgo| surylghg e| Hydq Nrhqlj +4<<9,1
53 Djdlq/ dvvxplqj o
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48rxwsxw jds hvwlpdwh/ zklfk L dvvxph lv uhodwhg wr wkh wuxh vhulhv e|
||￿| @ || . q
+
|= +815,
Wkh vwrfkdvwlf huuru q
+
| lv wkh uhdo0wlph phdvxuhphqw huuru sodjxlqj wkh srolf|pdnhu154 Lw dulvhv
iurp huuruv lq dvvhvvlqj erwk frqwhpsrudqhrxv dfwxdo dqg srwhqwldo rxwsxw dqg kdv d vwdqgdug
huuru ri ?+1
Wkh yduldelolw| ri q
+
|l1h1/ wkh vl}h ri ?+lv fuxfldo iru ghwhuplqlqj krz lpsruwdqw rxwsxw
jds xqfhuwdlqw| zloo eh lq hydoxdwlqj srolf| uxohv1 Hvwlpdwhv ri ?+/ wkh vwdqgdug ghyldwlrqv ri
wkh phdvxuhphqw huuru/ fdq eh rewdlqhg e| frpsdulqj wkh uhdo0wlph klvwrulfdo hvwlpdwhv wr wkh
qdo hvwlpdwhv dv wkh| vwdqg wrgd|dv lq Iljxuh ;1 Qrwdeo|/ wkh dqdo|vhv lq Uxghexvfk +4<<<,
dqg Ruskdqlghv/ hw do1 +4<<<, vxjjhvw hvwlpdwhv ri ?+ lq wkh 413 wr 513 shufhqw udqjh +ghshqglqj
rq wkh h{dfw vdpsoh dqg phdvxuh ri uhvrxufh xwlol}dwlrq,155 Ixuwkhupruh/ wkh shuvlvwhqfh lq wkh







ri ?+ lq wkh udqjh ri 31:8 wr 31<81
Wdeoh 5 jlyhv wkh frh!flhqwv dqg yrodwlolw| uhvxowv iru wkh rswlpdo Wd|oru uxohv xqghu ydulrxv
dvvxpswlrqv derxw wkh ghjuhh ri gdwd xqfhuwdlqw|1 Wkh vwdqgdug ghyldwlrq ri wkh qrlvh/ ?+/l v
jlyhq wkh ydoxhv 3/ 4/ 5/ ru 6> dv wkh uhvhdufk flwhg deryh lqglfdwhv/ wkh plggoh wzr ri wkhvh fdvhv
duh wkh prvw sodxvleoh1 Wkh frh!flhqw ?+ lv vhw htxdo wr 31;81 Sdqhov D/ E/ dqg F frqvlghu wkh
wkuhh prghov zlwk  @3 =3/ 3=6/d q g3=91 Zlwk qr rxwsxw jds xqfhuwdlqw| +?+ @3 ,/ wkh uhvxowv
pdwfk wkh W uxoh uhvxowv lq Wdeoh 41 Iru hdfk prgho/ lqfuhdvlqj wkh dprxqw ri gdwd xqfhuwdlqw|
uhgxfhv wkh rswlpdo W uxoh frh!flhqw rq wkh rxwsxw jds dqg lqfuhdvhv yrodwlolw| dqg h{shfwhg
orvv lq dq lqwxlwlyh idvklrq156 Prvw lpsruwdqwo|/ qrwh wkdw lq Sdqho E +zkhq  @3 =6,/ hyhq wkh
kljkhvw orvv uhfrughg e| wkh W uxoh +ri 471:8 zlwk ?+ @6 , lv vljqlfdqwo| orzhu wkdq wkh 491:6
orvv uhfrughg iru wkh Q4 uxoh ru wkh 5315: orvv uhfrughg iru wkh Q5 uxoh zlwk qr gdwd xqfhuwdlqw|
dqg  @3 =6 +lq Wdeoh 4,1 Wkdw lv/ sodxvleoh ru hyhq idluo| h{wuhph/ dprxqwv ri rxwsxw jds
xqfhuwdlqw| gr qrw dsshdu wr eh hqrxjk wr rvhw wkh lqqdwh srru shuirupdqfh ri wkh qrplqdo
lqfrph uxohv1
54 Vhh Uxghexvfk +4<<<, iru d glvfxvvlrq ri wkh qhzv yv1 qrlvh furvv0fruuhodwlrqv ehwzhhq wkh uhdo0wlph
hvwlpdwhv dqg wkh uhylvlrqv dqg ehwzhhq wkh qdo hvwlpdwhv dqg wkh uhylvlrqv1
55 Wklv fruuhvsrqgv wr d 318 wr 413 shufhqwdjh srlqw vwdqgdug ghyldwlrq iru wkh xqhpsor|phqw jds/ zklfk vhhpv
uhdvrqdeoh jlyhq wkh dprxqw ri xqfhuwdlqw| lq wkh hvwlpdwhv ri wkh qdwxudo udwh ri xqhpsor|phqw +h1j1/ Vwdljhu/
Vwrfn/ dqg Zdwvrq/ 4<<:,1 Vlploduo|/ xvlqj wkh Ndopdq owhu wr uroo wkurxjk d vdpsoh ri qdo uhylvhg gdwd/ Vphwv
+4<<;, hvwlpdwhv d j?+ ri derxw 1
56 Qrwh wkdw iru d jlyhq prgho lq Wdeoh 5 +l1h1/ iru d sduwlfxodu sdqho,/ pruh rxwsxw jds xqfhuwdlqw| uhvxowv lq
d vpdoohu rswlpdo uxoh rxwsxw frh!flhqw1 Dv qrwhg lq Uxghexvfk +4<<<, dqg Ruskdqlghv/ hw do1 +4<<<,/ fhuwdlqw|
htxlydohqfh grhv qrw dsso| ehfdxvh wkhvh duh vlpsoh uxohv dqg wkh uhdo0wlph jds hvwlpdwhv duh qrw rswlpdo fxuuhqw0
txduwhu hvwlpdwhv lq wkh frqwh{w ri wkh vwuxfwxudo prgho1
49Wdeoh 5
Rswlpdo Wd|oru Uxoh Uhvxowv zlwk Rxwsxw Jds Xqfhuwdlqw|
||￿| Qrlvh Uxoh Sdudphwhuv Yrodwlolw| Uhvxowv H{shfwhg
?+ jZ j+ Vwg^ |` Vwg^||`V w g ^ l|`O r v v
Sdqho D1 Prgho zlwk  @3
313 41;: 4186 5134 5134 41:8 <197
413 41:8 4157 5139 5149 419< 43166
513 4187 31;3 514; 516< 4185 4418;
613 416: 3183 515< 5189 4166 45198
Sdqho E1 Prgho zlwk  @3 =6
313 41:3 41:5 41<; 41;< 513< <1:4
413 41:3 4174 513: 513; 513: 431:9
513 4197 31<9 5157 5173 5133 451:;
613 4188 3197 5176 5199 41;< 471:8
Sdqho F1 Prgho zlwk  @3 =9
313 31:6 4187 417; 4195 41;; 918:
413 4138 4144 4186 41;3 41;7 :15:
513 415: 3197 4193 5134 41:: ;14;
613 4168 316: 4198 5147 41:4 ;1:7
Vlplodu uhvxowv rewdlq lq sdqho D zlwk  @3 =3/ wkh yhu| zruvw shuirupdqfh ri wkh W uxoh +d
45198 orvv, vwloo ehvwv wkdw ri wkh Q4 dqg Q5 uxohv +orvvhv ri 461;5 dqg 481:8/ uhvshfwlyho|,1 Lq
frqwudvw/ lq sdqho F/ zlwk  @3 =9/ wkh udqjh ri W uxoh uhvxowv ryhu ydu|lqj dprxqwv ri rxwsxw
jds xqfhuwdlqw| eudfnhwv wkh qrplqdo lqfrph uxoh uhvxowv/ zlwk wkh Q5 uxoh +zlwk d :13: orvv,
idoolqj dw wkh orzhu hqg ri wkdw udqjh dqg wkh Q4 uxoh +zlwk dq ;185 orvv, idoolqj dw wkh xsshu
hqg ri wkdw udqjh1
Vwloo/ Wdeoh 5 grhv qrw fdswxuh wkh ixoo zhljkw ri xqfhuwdlqw| idfhg e| d srolf|pdnhu1 Lq uhdo
wlph/ wkh srolf|pdnhu pxvw fkrrvh d sduwlfxodu srolf| uxoh zlwk jlyhq sdudphwhuv l qw k hi d f hr i
dq xqnqrzq dprxqw ri rxwsxw jds phdvxuhphqw huuru1 Vxfk xqfhuwdlqw| derxw wkh dprxqw ri
rxwsxw jds phdvxuhphqw huuru lv wkh dqdorjxh wr wkh prgho xqfhuwdlqw| dqg urexvwqhvv glvfxvvhg
deryh1 Iljxuh < surylghv hylghqfh rq wkh urexvwqhvv ri wkuhh vxfk vshflf uxoh sdudphwhul}dwlrqv>
qdpho|/ wkh rswlpdo W/ Q4/ dqg Q5 uxohv dvvxplqj  @3 =6 dqg/ iru wkh W uxoh/ ?+ @5 1W k h
h{shfwhg orvv ydoxhv iru wkh Q4 dqg Q5 uxohv lq Iljxuh < wkxv pdwfk wkrvh lq sdqho E ri Iljxuh
4::1 +Djdlq/ wkh vrolg grw vkrzv wkh ydoxh ri  iru zklfk wkh uxoh lv rswlpl}hg1, Wkh vrolg olqh
iru wkh W uxoh lv wkh orvv zlwk ?+ @5 / zklfk lv wkh ydoxh iru zklfk wkh srolf| uxoh kdv ehhq
rswlpl}hg1 Wkh grwwhg olqh dqg wkh gdvkhg olqhv duh iru wkdw vdph W uxoh exw zlwk ?+ @6dqg
?+ @4 / uhvshfwlyho|/ zklfk glhu iurp zkdw wkh srolf|pdnhu dvvxphv1
Iurp wkh shuvshfwlyh ri urexvwqhvv/ wkh W uxoh grhv yhu| zhoo/ dqg hyhq lq wkh devhqfh ri
vshflf suredelolw| glvwulexwlrqv iru  dqg ?+/ lw lv srvvleoh wr pdnh vrph idluo| ghqlwlyh
frpsdulvrqv1 Fohduo|/ iru h{dpsoh/ wkh W uxoh grplqdwhv wkh Q5 uxoh frpsohwho| dfurvv doo
prgho dqg gdwd xqfhuwdlqw| shuwxuedwlrqv1 Wkh Q4 uxoh grhv vrphzkdw ehwwhu> vwloo/ iru rqo|
d qduurz vhw ri rxwfrphvqdpho|/ d kljk  ri 318 ru 319 dqg yhu| qrlv| rxwsxw jds phdvxuhv
+?+ @6 ,grhv wkh Q4 uxoh vxusdvv wkh W uxoh lq shuirupdqfh1
Ryhudoo/ wkh W uxoh grhv h{fhswlrqdoo| zhoo djdlqvw wkh qrplqdo rxwsxw uxohv hvshfldoo| ehfdxvh
rqo| gdwd xqfhuwdlqw| derxw wkh rxwsxw jds kdv ehhq frqvlghuhg1
91 K|eulg uxohv
Wkh deryh uhvxowv ghprqvwudwh wkdw wkh W uxoh suhww| fohduo| grplqdwhv wzr dowhuqdwlyh qrplqdo
rxwsxw uxohv wkdw kdyh ehhq sursrvhg lq wkh olwhudwxuh hyhq diwhu frqvlghudwlrq ri olnho| prgho
dqg rxwsxw jds xqfhuwdlqw|1 Krzhyhu/ d srolf|pdnhu qhhg qrw eh olplwhg wr mxvw wkh glvfuhwh
fkrlfh dprqj wkhvh wkuhh vlpsoh uxohv1 Hvshfldoo| zlwk rxwsxw jds xqfhuwdlqw|/ lw pd| eh ehwwhu
wr frqvlghu uxohv wkdw dxjphqw wkh W uxoh uhvsrqvh wr lq dwlrq dqg wr wkh rxwsxw jds zlwk dq
dgglwlrqdo uhvsrqvh wr qrplqdo rxwsxw jurzwk1 Vshflfdoo|/ frqvlghu k|eulg uxohv ri wkh irup=
l| @ |￿| .jZ |￿| . j+||￿| . j7 % {|￿|= +914,
Vxfk d uxoh lqfrusrudwhv lqirupdwlrq rq wkh uhdo rxwsxw jds dqg irxu0txduwhu qrplqdo lqfrph
jurzwk> wkxv/ lw qhvwv erwk wkh W dqg Q4 uxohv1
Qrwh wkdw wkh k|eulg uxoh lv zulwwhq wr doorz iru uhdo0wlph phdvxuhphqw huuru lq doo ri wkh
yduldeohv dqg qrw mxvw wkh rxwsxw jds1 Wklv doorzv iru d edodqfhg dvvhvvphqw ri wkh ydulrxv
dujxphqwv ri wkh uxoh1 Lq rughu wr dgg phdvxuhphqw huuru/ lw lv xvhixo wr uh0zulwh wkh k|eulg
uxoh lq dqrwkhu irup1 Vshflfdoo|/ vsolwwlqj qrplqdo rxwsxw jurzwk lqwr wkh vxp ri lq dwlrq dqg
uhdo rxwsxw jurzwk/ wkh k|eulg uxoh fdq eh uh0zulwwhq dv
l| @ |￿| .+ jZ . j7 %, |￿| .j+||￿| . j7 %e||￿|= +915,
Wklv pdnhv fohdu wkdw wkh ydoxh lq dgglqj d qrplqdo lqfrph jurzwk uhvsrqvh wr wkh W uxoh lv lq
wkh lqfoxvlrq ri d uhdo rxwsxw jurzwk uhvsrqvh1 Ihghudo Uhvhuyh Jryhuqru Judpolfk +4<<<, kdv
4;vxjjhvwhg mxvw vxfk d uhdo rxwsxw jurzwk ru vshhg olplw prglfdwlrq ri wkh Wd|oru uxoh1 Wklv
prglfdwlrq lv lvrprusklf wr wkh dgglwlrq ri d qrplqdo rxwsxw uhvsrqvh1
Iru uxoh +915,/ wkh uhdo0wlph phdvxuhphqw huuruv duh prghohg dv
||￿| @ || .q
+
|/  |￿| @ | . qZ
| /d q ge||￿| @ e|| . q
{+
| = +916,
Wkh rxwsxw jds uhylvlrqv/ q
+
|/ duh prghohg dv deryh1 Wkh lq dwlrq uhylvlrqv/ qZ
| / fdq eh rewdlqhg
iurp wkh uhdo0wlph dqg qdo lq dwlrq gdwd1 Lq wkh vdpsoh h{dplqhg e| Uxghexvfk +4<<<,/ wkh
dvvrfldwhg vwdqgdug huuru/ ?Z/z d vh t x d ow r3=67pxfk vpdoohu wkdq iru wkh rxwsxw jdsdqg







Ilqdoo|/ wkh uhylvlrqv wr wkh irxu0txduwhu fkdqjh lq wkh rxwsxw jds/ q
{+
| / dsshdu zhoo prghohg
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| uhylvlrqv duh pxfk vpdoohu lq vl}h dqg ohvv shuvlvwhqw +Ruskdqlghv/ hw do1 4<<<,1 L prgho
wkhvh uhylvlrqv dv dq DU+4, zlwk ?{+ htxdo wr 3=8 ru 4=3 dqg zlwk ?{+ @3 =81
Wkh shuirupdqfh ri wkh W uxoh dqg wkh k|eulg uxoh zlwk wkhvh wkuhh phdvxuhphqw huuru
surfhvvhv duh h{dplqhg lq Wdeoh 6157 Wkh wkuhh froxpqv rq wkh ohiw ghvfuleh wkh w|sh dqg vl}h
ri uhdo0wlph gdwd xqfhuwdlqw|1 Iru doo wkh uhvxowv/ wkh vl}h ri wkh rxwsxw jds ohyho xqfhuwdlqw| lv
khog dw ?+ @5 / d sodxvleoh edvh fdvh1 Wkh gdwd qrlvh lq lq dwlrq lv ydulhg zlwk ?Z htxdo wr 3/
316/ ru 319/ dqg wkh gdwd qrlvh lq wkh fkdqjh lq wkh rxwsxw jds lv ydulhg zlwk ?{+ htxdo wr 3/
3=8> ru 4=31 Sdqho D h{dplqhv wkh shuirupdqfh ri wkh sxuh W uxoh lq wklv vhwwlqj1 Wkh dgglwlrqdo
lqirupdwlrq lq wklv sdqho eh|rqg Wdeoh 5 lv wkh lqfoxvlrq ri lq dwlrq gdwd qrlvhd qrq}hur ?Z1
Wkh dgglwlrq ri wkh hpslulfdoo| sodxvleoh dprxqwv ri vxfk qrlvh uhgxfhv wkh rswlpdo W uxoh
lq dwlrq frh!flhqw +jZ, dqg dggv derxw d whqwk ru wzr wr wkh vwdqgdug ghyldwlrqv ri lq dwlrq
dqg wkh fkdqjh lq wkh lqwhuhvw udwh1
Sdqho E frqvlghuv d k|eulg uxoh wkdw lqfrusrudwhv d uhvsrqvh wr wkh txduwhuo| fkdqjh lq
qrplqdo rxwsxw dv vxjjhvwhg e| wkh Q5 uxoh +htxlydohqwo| wklv fdq eh ylhzhg dv wkh dgglwlrq ri
wkh txduwhuo| fkdqjh lq uhdo rxwsxw,1 Hyhq zlwk qr phdvxuhphqw huuru/ wkh txduwhuo| fkdqjh lq
qrplqdo rxwsxw kdv dq rswlpdo frh!flhqw ri hvvhqwldoo| }hur dqg pdnhv doprvw qr frqwulexwlrq
wr pdfurhfrqrplf vwdelol}dwlrq1
57 L dvvxph wkdw wkh gdwd uhylvlrqv duh lqghshqghqwo| glvwulexwhg1 Lw zrxog eh lqwhuhvwlqj wr h{dplqh wkh ydulrxv
furvv0fruuhodwlrqv ri wkhvh uhylvlrqv1 Iru h{dpsoh/ qrplqdo rxwsxw pd| eh phdvxuhg zlwk olwwoh huuru li wkh rxwsxw
jds fkdqjh dqg lq dwlrq uhylvlrqv duh qhjdwlyho| fruuhodwhg1 Krzhyhu/ wkh uhtxlvlwh vdpsoh ri dydlodeoh Ihghudo
Uhvhuyh gdwd kdv ehhq khog lq frqghqfh1
4<Wdeoh 6
Rswlpdo K|eulg Uxoh Uhvxowv zlwk Uhdo0Wlph Gdwd Xqfhuwdlqw|
Gdwd Qrlvh Uxoh Sdudphwhuv Yrodwlolw| Uhvxowv H{shfwhg
?+ ?7 Z ?{+ jZ j+ j% ru j% Vwg^ |`V w g ^ ||` Vwg^l|`O r v v
Sdqho D1 Uxoh= l| @ |￿| . jZ |￿| . j+||￿|
513 313 313 4197 31<9 0 5157 5173 5133 451:;
513 316 313 4186 31<7 0 5164 516< 513; 46153
513 319 313 4164 31<3 0 517: 516: 515; 47165
Sdqho E1 Uxoh= l| @ |￿| . jZ |￿| . j+||￿| . j%{|￿|
513 313 313 4193 31<6 3137 5157 516; 5136 451:9
Sdqho F1 Uxoh= l| @ |￿| . jZ |￿| .j+||￿| . j%{|￿|
513 313 313 4158 31;3 3184 5153 515< 5146 4516:
513 316 313 4146 31:< 317< 515; 515; 5153 451;4
513 316 318 414: 31;3 3177 515; 515< 514< 451;8
513 316 413 4159 31;6 3167 515< 5164 514: 451<5
513 319 313 31<4 31:: 3178 5178 5159 516< 461<;
513 319 318 31<8 31:; 3173 5178 515: 516; 47134
513 319 413 4136 31;4 3164 5178 515< 5169 4713:
Ilqdoo|/ Sdqho F h{dplqhv wkh k|eulg uxoh zlwk wkh irxu0txduwhu fkdqjh lq qrplqdo rxwsxw/
l1h1/ uxoh +914, ru +915,1 Wkh dgglwlrq ri irxu0txduwhu rxwsxw jurzwk dsshduv wr pdnh d shufhs0
wleoh/ exw yhu| prghvw/ frqwulexwlrq wr pdfurhfrqrplf vwdelol}dwlrq1 Wkh rswlpdo frh!flhqw rq
+qrplqdo ru uhdo, rxwsxw jurzwk +j7 %, udqjhv iurp 316 wr 318/ zklfk vxjjhvwv wkdw wkh srolf|pdnhu
vkrxog udlvh wkh srolf| lqwhuhvw udwh e| 63 wr 83 edvlv srlqwv deryh wkdw vxjjhvwhg e| d W uxoh
zkhq rxwsxw jurzwk lv rqh shufhqwdjh srlqw idvwhu wkdq lwv wuhqg ru wdujhwhg dprxqw1 Vxfk d
uhvsrqvh uhgxfhv rxwsxw jds yrodwlolw| e| derxw d 314 iurp wkh frpsdudeoh W uxoh rxwfrph exw
lqfuhdvhv lqwhuhvw udwh yrodwlolw| +zklfk kdv d vpdoohu zhljkw lq wkh edvholqh orvv ixqfwlrq, e|
derxw wkh vdph dprxqw1 Ryhudoo/ yhu| olwwoh pdfurhfrqrplf vwdelol}dwlrq lv orvw e| xvlqj wkh W
uxoh lqvwhdg ri wkh k|eulg uxoh1
53:1 Frqfoxvlrq
PfFdooxp +4<<:d,/ PfFdooxp dqg Qhovrq +4<<<d,/ Ruskdqlghv +4<<<,/ dqg hduolhu dxwkruv dujxh
wkdw uhdo0wlph rxwsxw jds xqfhuwdlqw| dqg prgho xqfhuwdlqw| +hvshfldoo| derxw wkh shuvlvwhqfh
ri lq dwlrq, vxjjhvw wkdw prqhwdu| srolf| uxohv wkdw uhvsrqg wr qrplqdo rxwsxw jurzwk frxog
shuirup txlwh zhoo1 Wkh deryh dqdo|vlv jhqhudoo| vxssruwv wkhlu orjlf lq sulqflsoh exw ghflvlyho|
uhmhfwv wkhlu dujxphqwv dv shuvxdvlyh iru wkh srvwzdu X1V1 hfrqrp|1 Wkh qrplqdo rxwsxw uxohv
hvsrxvhg e| wkhvh dxwkruv gr txlwh srruo| ryhu wkh sodxvleoh hpslulfdo udqjh ri prgho dqg gdwd
xqfhuwdlqw|1 Ixuwkhupruh/ d pruh jhqhudo uxoh wkdw qhvwv wkh Wd|oru uxoh dqg wkh qrplqdo lqfrph
uxoh vxjjhvwv wkdw rxwsxw jurzwk kdv olwwoh wr dgg wr rswlpdo srolf| hyhq zlwk sodxvleoh gdwd
phdvxuhphqw huuruv1
Wkh deryh dqdo|vlv h{dplqhv dq lpsruwdqw vhw ri lvvxhv udlvhg lq wkh olwhudwxuh dqg frphv
wr jhqhudoo| shvvlplvwlf frqfoxvlrqv uhjduglqj wkh shuirupdqfh ri qrplqdo rxwsxw uxohv1 Vwloo/
wklv dqdo|vlv lv qrw d ghqlwlyh lqtxlu| lqwr wkh phulwv ri qrplqdo rxwsxw uxohv1 Dv vwuhvvhg e|
PfFdooxp +4<<:d, dqg Vyhqvvrq +4<<<,/ d ydulhw| ri rwkhu lvvxhv/ vxfk dv wkh hdvh ri srolf|
frppxqlfdwlrq dqg wkh olnholkrrg ri wudqvsduhqf|/ vkrxog dovr eh frqvlghuhg lq d frpsohwh
dvvhvvphqw ri srolf| uxohv1
Lq wkh frqwh{w ri wkh deryh orvv ixqfwlrq/ krzhyhu/ vrph kdyh vxjjhvwhg wkdw wkh uhdo0
wlph lqirupdwlrq vhw ri srolf|pdnhuv pd| eh vrphzkdw glhuhqw iurp wkh rqh prghohg deryh1
Qrwdeo|/ wkhuh pd| eh hslvrghv ri lghqwldeoh vwuxfwxudo fkdqjh gxulqj zklfk srolf|pdnhuv
eholhyh wkdw phdvxuhv ri wkh rxwsxw jds duh sduwlfxoduo| xqfhuwdlq1 Lq wkh X1V1/ dq h{dplqdwlrq
ri wkh rxwsxw jds uhylvlrqv grhv qrw uhdglo| vxjjhvw wkh suhvhqfh ri vxfk lqirupdwlrq1 Krzhyhu/
lq Hxursh/ mxvw diwhu wkh vwduw ri prqhwdu| xqlrq/ phdvxuhv ri hxur0duhd srwhqwldo rxwsxw pd|
kdyh ehhq sduwlfxoduo| xqfhuwdlq/ vr wkh rswlpdo zhljkw rq wkh rxwsxw jds uhodwlyh wr uhdo ru
qrplqdo rxwsxw jurzwk lq d k|eulg uxoh pd| eh uhgxfhg1 Lq d vlplodu idvklrq/ rxwsxw jurzwk pd|
eh d xvhixo lqglfdwru iru prqhwdu| srolf| dw fhuwdlq wlphv gxulqj wkh exvlqhvv f|foh= Iru h{dpsoh/
zkloh idvw jurzwk frplqj rxw ri uhfhvvlrq pd| kdyh qr lpsolfdwlrqv iru wkh vwdqfh ri prqhwdu|
srolf|/ idvw jurzwk dw f|folfdo errpv pd| uhtxluh srolf| uhvsrqvhv1 Wkxv/ hyhq li srolf|pdnhuv
kdyh rqo| eurdg txdolwdwlyh lqirupdwlrq derxw wkh ohyho ri wkh rxwsxw jds/ rxwsxw jurzwk pd|
dw wlphv eh d xvhixo lqglfdwru1 Krzhyhu/ pruh uhvhdufk rq wkh qdwxuh ri wlph0ydu|lqj rswlpdo
uxoh sdudphwhuv dqg wkh qdwxuh ri wkh uhdo0wlph lqirupdwlrq vhw ri srolf|pdnhuv lv uhtxluhg lq
rughu wr lqyhvwljdwh vxfk udwlrqdohv1
54D1 Dsshqgl{= Dowhuqdwlyh Hpslulfdo Iruzdug0Orrnlqj Skloolsv Fxuyhv
Wklv dsshqgl{ surylghv vrph dowhuqdwlyh hvwlpdwhv ri wkh iruzdug0orrnlqj Skloolsv fxuyh +514,
xvlqj glhuhqw vshflfdwlrqv/ vdpsohv/ rxwsxw jds hvwlpdwhv/ dqg vxuyh| phdvxuhv ri h{shfwd0
wlrqv1
Wdeoh D4 frqvlghuv dowhuqdwlyh hvwlpdwhv ri htxdwlrq +515,1 Wkh uvw olqh vxppdul}hv wkh
hvwlpdwhg yhuvlrq xvhg lq wkh wh{w +l1h1/ htxdwlrq +516,,1 Dv qrwhg lq wkh uvw wkuhh froxpqv/
wklv hvwlpdwhg yhuvlrq xvhv d phdvxuh ri srwhqwldo rxwsxw +TW, vxssolhg e| wkh FER/ dv zhoo
dv d vxuyh| phdvxuh ri lq dwlrq h{shfwdwlrqv rewdlqhg iurp wkh Plfkljdq vxuyh| +PV,/ dqg dq
hvwlpdwlrq vdpsoh wkdw vwduwv lq 4<9;=T61 Wkh qdo yh froxpqv glvsod| wkh uhvxowlqj hvwlpdwhv
ri  dqg +/ dorqj zlwk wkhlu vwdqgdug huuruv v1h1+, dqg v1h1++,/d vz h o od vw k hs0ydoxh iru wkh
Qdwxudo Udwh K|srwkhvlv +	e
￿’￿Z￿ @4 ,/ ghqrwhg S0ydoxh+QUK,1 Wkh vhfrqg urz vwduwv wkh
hvwlpdwlrq vdpsoh vhyhudo |hduv hduolhu lq 4<94=T41 Dowkrxjk wklv orqjhu vdpsoh lv riwhq xvhg/ lw
lqfrusrudwhv hduolhu Plfkljdq vxuyh| gdwd wkdw duh ri glvwlqfwo| orzhu txdolw|>58 vwloo/ wklv orqjhu
vdpsoh kdugo| fkdqjhv wkh hvwlpdwhg htxdwlrq1 Lqghhg/ hyhq wkh dghtxdf| ri wkh odwhu Plfkljdq
vxuyh| gdwd lv qrw zlwkrxw txhvwlrq1 Dv dq dowhuqdwlyh/ wkh wklug olqh xvhv wkh phgldq rqh0|hdu0
dkhdg lq dwlrq iruhfdvwv iurp wkh Vxuyh| ri Surihvvlrqdo Iruhfdvwhuv +VSI,/ zklfk lv dydlodeoh
iurp 4<9;=T7 +Furxvkruh/ 4<<;,1 Djdlq/ wkh uhvxowv gr qrw fkdqjh dssuhfldeo|1 Ilqdoo|/ wkhvh
wkuhh fdvhv duh uhshdwhg lq wkh qdo wkuhh urzv xvlqj d vhulhv rq srwhqwldo rxwsxw rewdlqhg xvlqj
dq KS owhu1 Djdlq/ yhu| vlplodu uhvxowv duh rewdlqhg1
Wdeoh D4
Dowhuqdwlyh Hvwlpdwhv ri Iruzdug0Orrnlqj Skloolsv Fxuyh
T- Vxuyh| Vdpsoh Vwduw  v1h1+, + v1h1++, S0ydoxh+QUK,
FER PV 4<9;=T6 15; 13;7 146 1377 158
FER PV 4<94=T4 163 13:: 144 1367 15<
FER VSI 4<9<=T4 156 13<9 153 1379 165
KS PV 4<9;=T6 15: 13;< 148 1396 1;9
KS PV 4<94=T4 15< 13;3 148 1387 1:6
KS VSI 4<9<=T4 145 13<; 154 1395 166
58 Ehiruh 4<99=T5 rqo| d txdolwdwlyh txhvwlrq derxw lq dwlrq h{shfwdwlrqv zdv dvnhg ri vxuyh| sduwlflsdqwv/
dqg vxuyh|v zhuh qrw frqgxfwhg lq vhyhq txduwhuv lq wkh vdpsoh +4<96=T6/ 4<97=T6/ 4<97=T7/ 4<98=T5/ 4<99=T7/
4<9:=T5/ 4<9;=T4,/ vr wkh uhsruwhg gdwd duh lqwhusrodwlrqv1
55Wdeoh D5 uhshdwv wkhvh vl{ yduldwlrqv iru d voljkwo| glhuhqw vshflfdwlrq ri wkh iruzdug0
orrnlqj Skloolsv fxuyh/ l1h1/
| @ H| |ne .+ 4  ,+Z￿|3￿ . Z2|32 . Z￿|3￿ . Ze|3e,.+||3￿ . %|> +D14,
zkhuh wkh rqh0|hdu0dkhdg lq dwlrq h{shfwdwlrq lv edvhg rq d wlph w lqirupdwlrq vhw1 Vlpsoh
ohdvw vtxduhv hvwlpdwhv ri +D14, duh jlyhq lq Wdeoh D5 iru wkh vl{ dowhuqdwlyhv frqvlghuhg deryh
zlwk uhjdug wr wkh phdvxuhv ri srwhqwldo rxwsxw/ lq dwlrq h{shfwdwlrqv/ dqg vdpsoh shulrg1
Djdlq/ wkh hvwlpdwlrq uhvxowv duh olwwoh fkdqjhg rq edodqfh +hvshfldoo| ehfdxvh wkhuh lv olnho|
vrph hqgrjhqhlw| eldv iurp | dqg H| |ne wkdw errvwv wkh hvwlpdwhv ri  ,1 Lq dq| fdvh/ xvlqj
wkh hvwlpdwhv lq Wdeoh D5 lpsolhv qr vxevwdqwlyh fkdqjhv iru wkh uhvxowv lq wkh sdshu1
Wdeoh D5
Dowhuqdwlyh Hvwlpdwhv ri Iruzdug0Orrnlqj +Wlph w, Skloolsv Fxuyh




, + v1h1++, S0ydoxh+QUK,
FER PV 4<9;=T5 173 1399 13: 1374 134
FER PV 4<94=T4 175 1393 13: 1365 135
FER VSI 4<9;=T7 173 13;9 14< 1374 135
KS PV 4<9;=T5 174 139< 139 1393 137
KS PV 4<94=T4 176 1395 13: 1384 13;
KS VSI 4<9;=T7 165 13<6 14; 1393 1:<
Ilqdoo|/ frqvlghu d ohvv uhvwulfwlyh hvwlpdwhg yhuvlrq ri wkh iruzdug0orrnlqj Skloolsv fxuyh
+514,=
| @ Z￿H|3￿|n￿ . Z2H|3￿|n2 . Z￿H|3￿|n￿ .Z￿|3￿ .Z2|32 .Z￿|3￿ .+||3￿ .%|=
+D15,
Wkh ghwdlohg txduwhuo| lq dwlrq h{shfwdwlrqv uhtxluhg iru wklv vshflfdwlrq duh rqo| dydlodeoh
iurp wkh VSI1 Wdeoh D6 surylghv hvwlpdwhv iru wklv htxdwlrq zlwk wkh FER dqg KS phdvxuhv
ri wkh rxwsxw jds1 +Vwdqgdug huuruv duh jlyhq lq sduhqwkhvhv1, Wkh QUK uhvwulfwlrq wkdw doo
wkh lq dwlrq frh!flhqwv vxp wr rqh fdqqrw eh uhmhfwhg dqg lv lpsrvhg lq hvwlpdwlrq1 Wkh
h{shfwdwlrqdo lq dwlrq whupv duh mrlqwo| vljqlfdqw dw wkh 8 ru 43 shufhqw ohyho/ dqg wkh vxp ri
wkhvh whupv lv htxdo wr 3158 dqg 314; iru wkh wzr phdvxuhv1 Wkhvh duh urxjko| frqvlvwhqw zlwk
wkh ydoxh ri  xvhg lq +516,1
56Wdeoh D6
Hvwlpdwhv ri dq Xquhvwulfwhg Skloolsv Fxuyh
Phdvxuh ri TW
FER KS
h Z￿ 03167 +3149, 0316< +314:,
h Z2 3135 +314<, 3135 +314<,
h Z￿ 318: +3157, 3188 +3158,
Z￿ 3198 +313<, 31:3+313<,
Z2 03153 +3144, 0314< +3145,
Z￿ 3163 +313<, 3165 +3143,
+ 314: +3137, 314< +3139,
S0ydoxh +h Z￿ @3 >;l, 3135 313:
S0ydoxh +QUK, 318; 3155
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d Orz Lq dwlrq Hud/ Ilqdqfh dqg Hfrqrplfv Glvfxvvlrq Vhulhv 4<<<077/ Ihghudo Uhvhuyh
Erdug/ Zdvklqjwrq GF1
^73` Urehuwv/ Mrkq P1 +4<<8,/ Qhz Nh|qhvldq Hfrqrplfv dqg wkh Skloolsv Fxuyh/ Mrxuqdo ri
Prqh| dqg Edqnlqj +Qryhpehu,/ <:80<;71
^74` Urehuwv/ Mrkq P1 +4<<;,/ Lq dwlrq H{shfwdwlrqv dqg wkh Wudqvplvvlrq ri Prqhwdu| Sro0
lf|/ Ilqdqfh dqg Hfrqrplfv Glvfxvvlrq Vhulhv 4<<;076/ Ihghudo Uhvhuyh Erdug/ Zdvklqj0
wrq GF1
^75` Urwhpehuj/ Mxolr +4<;5,/ Vwlfn| Sulfhv lq wkh Xqlwhg Vwdwhv/ Mrxuqdo ri Srolwlfdo Hfrqrp|
93/ 44;:045441
^76` Urwhpehuj/ Mxolr/ dqg Plfkdho Zrrgirug +4<<<,/ Lqwhuhvw Udwh Uxohv lq dq Hvwlpdwhg
Vwlfn| Sulfh Prgho/ lq Prqhwdu| Srolf| Uxohv/ hg1 e| Mrkq E1 Wd|oru/ 8:044<1 Fklfdjr=
Fklfdjr Xqlyhuvlw| Suhvv1
^77` Uxghexvfk/ Johqq G1 +4<<;,/ Gr Phdvxuhv ri Prqhwdu| Srolf| lq d YDU Pdnh VhqvhB/
Lqwhuqdwlrqdo Hfrqrplf Uhylhz 6<+7,/ <3:0<641
^78` Uxghexvfk/ Johqq G1 +4<<<,/ Lv wkh Ihg Wrr WlplgB Prqhwdu| Srolf| lq dq Xqfhuwdlq
Zruog/ Zrunlqj Sdshu <<038/ Ihghudo Uhvhuyh Edqn ri Vdq Iudqflvfr1
^79` Uxghexvfk/ Johqq G1/ dqg Oduv H1R1 Vyhqvvrq +4<<<d,/ Srolf| Uxohv iru Lq dwlrq Wdu0
jhwlqj/ lq Prqhwdu| Srolf| Uxohv/ hg1 e| Mrkq E1 Wd|oru/ 53605791 Fklfdjr= Fklfdjr
Xqlyhuvlw| Suhvv1
^7:` Uxghexvfk/ Johqq G1/ dqg Oduv H1R1 Vyhqvvrq +4<<<e,/ Hxurv|vwhp Prqhwdu| Wdujhwlqj=
Ohvvrqv iurp X1V1 Gdwd/ QEHU Zrunlqj Sdshu Qr1 :4:<1
5;^7;` Vphwv/ Iudqn +4<<;,/ Rxwsxw Jds Xqfhuwdlqw|= Grhv Lw Pdwwhu iru wkh Wd|oru UxohB/
pdqxvfulsw/ Edqn iru Lqwhuqdwlrqdo Vhwwohphqwv1
^7<` Vwdljhu/ Grxjodv/ Mdphv K1 Vwrfn/ dqg Pdun Z1 Zdwvrq +4<<:,/ Wkh QDLUX/ Xqhpsor|0
phqw/ dqg Prqhwdu| Srolf|/ Mrxuqdo ri Hfrqrplf Shuvshfwlyhv 44/ 6607<1
^83` Vwrfn/ Mdphv K1 +4<<<,/ Frpphqw/ lq Prqhwdu| Srolf| Uxohv/ hg1 e| Mrkq E1 Wd|oru/
586058<1 Fklfdjr= Fklfdjr Xqlyhuvlw| Suhvv1
^84` Vyhqvvrq/ Oduv H1R1 +4<<:,/ Lq dwlrq Wdujhwlqj= Vrph H{whqvlrqv/ QEHU Zrunlqj Sdshu
Qr1 8<951
^85` Vyhqvvrq/ Oduv H1R1 +4<<<,/ Lq dwlrq Wdujhwlqj dv d Prqhwdu| Srolf| Uxoh/ Mrxuqdo ri
Prqhwdu| Hfrqrplfv 76/ 93:09871
^86` Wd|oru/ Mrkq E1 +4<;3,/ Djjuhjdwh G|qdplfv dqg Vwdjjhuhg Frqwudfwv/ Mrxuqdo ri Srolw0
lfdo Hfrqrp| ;;/ 40561
^87` Wd|oru/ Mrkq E1 +4<;8,/ Zkdw Zrxog Qrplqdo JQS Wdujhwlqj Gr wr wkh Exvlqhvv F|fohB/
Fduqhjlh0Urfkhvwhu Frqihuhqfh Vhulhv rq Sxeolf Srolf| 55/ 9409;1
^88` Wd|oru/ Mrkq E1 +4<<6,/ Glvfuhwlrq yhuvxv Srolf| Uxohv lq Sudfwlfh/ Fduqhjlh0Urfkhvwhu
Frqihuhqfh Vhulhv rq Sxeolf Srolf| 6</ 4<805471
^89` Wd|oru/ Mrkq E1 +4<<<,/ hglwru/ Prqhwdu| Srolf| Uxohv/ Fklfdjr= Fklfdjr Xqlyhuvlw| Suhvv1
^8:` Wuhkdq/ Ekdudw +4<<<,/ Vxsso| Vkrfnv dqg wkh Frqgxfw ri Prqhwdu| Srolf|/ Hfrqrplf
Ohwwhu +Mxo|,/ <<054/ Ihghudo Uhvhuyh Edqn ri Vdq Iudqflvfr1
^8;` Zdovk/ Fduo H1 +4<<;,/ Prqhwdu| Wkhru| dqg Srolf|/F d p e u l g j hP D =P L WS u h v v 1
^8<` Zlooldpv/ Mrkq F1 +4<<<,/ Vlpsoh Uxohv iru Prqhwdu| Srolf|/ Ilqdqfh dqg Hfrqrplfv
Glvfxvvlrq Vhulhv 4<<<045/ Ihghudo Uhvhuyh Erdug/ Zdvklqjwrq1
^93` Zrrgirug/ Plfkdho +4<<9,/ Frqwuro ri wkh Sxeolf Ghew= D Uhtxluhphqw iru Sulfh Vwdelo0
lw|B/ QEHU Zrunlqj Sdshu Qr1 8<;71
^94` Zrrgirug/ Plfkdho +4<<<,/ Rswlpdo Prqhwdu| Srolf| Lqhuwld/ pdqxvfulsw/ Sulqfhwrq Xql0
yhuvlw|1










Impulse Responses for VAR and Structural Model (with m m m m =0 . 3 )
Response of Inflation to Inflation Shock







Response of Output Gap to Inflation Shock






Response of Funds Rate to Inflation Shock
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Response of Inflation to Funds Rate Shock
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Response of Funds Rate to Funds Rate ShockFigure 2
Impulse Responses for VAR and Structural Model (with m m m m =0 . 8 )
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TR u l e
N2 Rule
N1 Rule
Panel A. Inflation Response to Output Shock
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Panel B. Output Response to Output Shock
Panel C. Funds Rate Response to Output Shock
Impulse Responses for Model with m m m m =0 . 3
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Panel B. Output Response to Output Shock
Panel C. Funds Rate Response to Output Shock
Impulse Responses     for Model with m  m  m  m =0 . 8
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Expected Loss with Alternative Loss Functions
Panel A. Loss Function: l l l l =0 . 5 ,n n n n =0 . 5
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Panel B.      Loss Function: l  l  l  l =2 . 0 ,n n n n =0 . 5









TR u l e
N1 Rule
N2 Rule
Panel C. Loss Function: l l l l =1 . 0 ,n n n n =2 . 0
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The Robustness of Three Optimized Rules
Panel A. Rules Optimized for Model with m m m m = 0
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Panel B. Rules Optimized for Model with m m m m = 0.3
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Panel C. Rules Optimized for Model with m =  m =  m =  m = 0.6
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Expected Loss with Real-Time Ouput Gap
and Model Uncertainty
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